Wavelet-based Multiresolution with nth-root-of-2 Subdivision by Linsen, Lars et al.
UC Davis
IDAV Publications
Title
Wavelet-based Multiresolution with nth-root-of-2 Subdivision
Permalink
https://escholarship.org/uc/item/5d21c5dt
Journal
Journal on Computing, special edition
Authors
Linsen, Lars
Pascucci, Valerio
Duchaineau, Mark A.
et al.
Publication Date
2004
 
Peer reviewed
eScholarship.org Powered by the California Digital Library
University of California
  	
 	ﬀﬁﬂﬃ	 ﬁ!#"$%	 &
'
( )+*
,-%. ﬁﬂ!
/103245/68794;:<7=?>A@B03C8:<2D6FEHG0I4;J<K9J<J<68LM>9NO032DPRQTS9UVK9JW90X6F79:ﬃ03KYL?>9Z[:<2D79\.]03^H0X7A7=M>
0379\._`:<7A79:a;Wb%S9cIE?d9=
eHfgh?ijgDkBlnm<kporqTsﬃtﬃgukjm?vgDwxwxyzhItTsﬃh|{o}h?ijgt<k~s<ijg%{fmq|Xijyh|tfo}u1of

g|s<kxijqgh?im<l1fmqIIijgDkp3vygh|vg

hIyzŁgDkjwxyi}mﬃl1f s<yl8mﬃkjhIyFs3

s%Ł3yzw

s%Ł3yzwf ﬃX<rM<M
?MMﬃM ?¡<MI¢M£¤¥x£M¤¥§¦I£<¨3¡ﬃ©3¢M¤¥}ª¨M¦3
zyhIwxgh¬«[Iv%{|s%Ł3yw­ g{IY¬®¯|sﬃqTs<h|hY°}m±<«[vw­ |v%{IsŁ3yw­ g%{I
² fgh?ijgDkBlnm<k[³|Izyg%{Xvygh?ijy´vfmﬃq|XijyzhItf [|f

s<i~s`XvyghIvgµpkjmI
¶
s·kjghIvg
¶
yŁMgDkjqm<kjg¸5sijyzmﬃhs<
¶
sﬃ¹¬mﬃk~sijmﬃkx
¶
yŁMgDkjqm<kjg|f ﬃºM<»<rM<¼ﬃº
?MM<½M½½1¥¾M¾<¿3¾À¥r3Áﬃ©??£¡?¤M£ﬃ
®|sﬃwxvIvvyÂ{I|v~¯s<yh|g%s<Y<±<«[zhIÂ­ tﬃmŁ
Ã9ÄÆÅÅÇIÈ<ÉÊVË
IijykjgDwxmIijymhVqgDij¯|m3{Xwskjg svmﬃqqmh5ijgv~¯|hIyFÌ?Ig1Iwxg%{5lnm<k{Ig%s<yzhIt·Byij¯
zskjtgDwxv%s<zgÍ{|si~ss<h{kjgXkjgwxgh?ijyh|tyi[s<i5qV|ijy|ggŁMgwpmﬃlÎ{IgDi~s<y§­|ÏgIkjgwxgDh3i[s`qÍI
ijykjgwxmﬃIijymhÐ¯|ygDk~s<kjv~¯?Ñvmﬃh|wixkjIvDijymhÒ¹sﬃwxg{ÓmﬃhÕÔÖ wxI¹A{IyŁ3ywxyzmﬃhY·B¯Iyzv~¯Ó¯s<wHsﬃ5ij¯|g
sﬃ{IŁﬃsﬃh?i~sﬃtﬃgw5m<l skjgtIzs<k{Is<i~sTmﬃkjtMs<h|y×%sijyzmﬃhwxv~¯|gqg·B¯|ygÍkjg%{X|vyhItTij¯IgÍ{3k~s·B¹sﬃv~ØHmﬃl
vDmMs<kjwxg³tﬃk~s<h3|zs<kjyi}?­MÙ ¯|gÚÔ
Ö %rwxI¹A{IyŁ3ywxyzmﬃhwxv;¯Igqg mﬃh|{Xm|¹IgwÆij¯|gBh3|qÍ¹¬g;kÆmﬃlAŁMg;kxijyzvDgw
yhTg%s<v;¯wx|¹A{XyzŁ3ywxymhwijgkjgtMsk~{Igwxwm<lÆ{IyqghIwxymhTÛÆ­?Ïgp{IgwxvDkjy¹¬g³ij¯|g³vmhIwixkj|vDijymhmﬃl


Y¼

sﬃh|{º

¯|ygDk~skjv;¯IyzgDwkjgDIkjgwxgh?ijyh|tﬂwxIkxlnsﬃvgwŁMmIqg`{|si~sXsﬃh|{ÜijyqgDŁﬃs<kxXyh|t
Łm|qgV{|si~sX¬kjgwx¬gv;ijyzŁg?­9Ù ¯|gÍº

s<|Ikjmsﬃv~¯wxI|¬m<kxijw[wxsijyzsﬃ1sﬃh|{Üijgq¬m<k~sﬃÆwxv%s<zs<
¹Iyzyir?­ÀÝ|m<kÍ¯Iyt¯IrÌ?s<yir{|s<i~sHs<|XkjmÞXyqTs<ijymﬃhmhg%s<v;¯.zgDŁMgm<l³{IgDi~s<y§· gT|wxgT{Xm·BhX
wjs<q|yh|t[´|ijgDkjw¹sﬃwxg{Ímh`Û¬Łﬃs<kjyzs<ijgBßÎwxIzyhIg ·s%ŁMggDijw­ﬃÏg Xkjgwxgh?iÎs5ßÎwx|yh|g · sŁggDi
yl8ijyhItHwxv;¯IgqgVl8mﬃkàÔ
Ö
wx|¹A{XyŁXywxymhwijg|wijmámﬃ¹Ii~s<yzhwxqTsﬃ1mﬃkhskxkjm·â´|ijg;kjw­¸[s<kxkjm%·
´|ijgDkjwBwx||¬m<kxi³s{IsﬃIijyŁMg5kjg;´h|gDqgh?iBsﬃh|{ﬂmXixmﬃl8vm<kjg{|si~sÍgDÞX|mﬃk~sijymháijgv~¯|hIyFÌ?Igw­
ãåä|æ³ç¬èAéêVëìçAíjé³æ
UKA:aDE4;KAî94~aD0X7|a;6n03C 6F^áïA2DE?ðX:ﬃ^á:<7|aD4V6F7ÑJEI^áïAK¬a;687Añ.ïYE?ò[:<20X79\O4~a;EI2D0XñX:ﬂJﬃ03ï90IJ6Fajd
E?ðX:<2pa;W9:ÍCn0X4~a\¬:ﬃJﬃ0X\¬:I>a;E¬\A0MdÀó 4[\90?aD03ô}687|a;:ﬃ794~68ðX:Í03ïAï9CF6nJ<03a;68EX7945032D:ÍñX:<79:<20?a;687AñﬂW|K9ñX:
03^áEXKA7|a4VEXõ[\A03aD06F7ö4;WAEX2;a;:ﬃ2Í0X79\,4~WAEI2~aD:<2Va;68^á:áõ§2D0X^:4<SÆUVE?ò794D03^áïAC86F7AñJ<0X7Oî:
K94~:\.a;E2;:\¬K9J:Ta;WA:\90?aD0Ha;ER0H^H0X7903ñI:ﬃ03î9CF:T0X^EIKA7|aﬃS÷5WA:2D:ﬃ\¬KYJ:ﬃ\\90?aD0RJ<037î:
:øA03^á687A:ﬃ\áîdá4;J<6F:ﬃ7IaD684~aD4Ba;ET6n\¬:ﬃ7IaD6zõ§dá2D:<ñI6FEI794 E3õ687|a;:<2D:ﬃ4~aﬃ>Xõ§EX2BòW968JWH^áEX2D:\¬:<aD0X6FC8:ﬃ\
:ø¬ïAC8EX20?a;68EX74~W9EXKACn\î:03ïAï9CF68:ﬃ\ÆS3ù:<79\¬:ﬃ2;687Añ037Y\ð6n4~K90XCF68úﬃ03a;68EX703ïAïAC86nJ<0?aD6FEI794^K94~a
\¬:ﬃ0XCYò6Fa;WC80X2;ñI:\A0?a04;:a4p0X79\áa;W9:<682p2D:<ïA2D:ﬃ4;:<7|a0?a;68EX7Ü03ap^ﬂKACzaD6Fï9CF:ÍCF:ﬃðX:ﬃC84pE3õ1\¬:<aD0X6FC}S
NKACFa;682;:4~EICFK¬aD6FEI7^á:<a;WAE¬\A45õ§EI2JK92;ðI:ﬃ4037Y\4;KA2;õ0XJ:4032D:`ò68\¬:ﬃCFdK94;:ﬃ\.6F7-J<EX^ô
ïAK¬a;:ﬃ2ñX203ï9WA68Jﬃ4ûzüýMþS9ù:<ï92;:4~:ﬃ7IaD6F79ñðIEXC8KA^á:T\A0?a0WA6F:ﬃ2D0X2DJW968Jﬃ03C8CFdH6n468^ïEX2;aD0X7|a6F7
¶
skjw
¶
yh|wxghgDi³sﬃÂ­
a;WA:JEX7|aD:øaVEXõ ~ðXEICFK9^:^E¬\¬:ﬃCF687AñÜ0379\-ð|6n4;K903C86Fú0?aD6FEI7E3õðXEICFKA^á:\A0?a0A>9:IS ñYSF>E3õ
4;Jﬃ03Cn032HEX2RðX:ﬃJa;EI29:<Cn\A4R\A:97A:\E?ðX:ﬃ2HðXEXC8KA^á:aD2;6nJ\¬EX^H0X6F794ﬃSB@V684;K903C868ú<687Añö6F79WA:<2;ô
:<7|a;C8dÒaD2;68ð?032D6803a;:-ï9WA:<7AEI^á:<790ö2D:|KA682D:ﬃ4HEI7A:a;EÐ03ïAïAC8d2;:ﬃ79\¬:ﬃ2;687AñÓ03C8ñXEI2;6Fa;W9^á4Ha;E
ðXEXC8KA^á:aD2;6nJ\A03aD0áô³:<øA03^áïAC8:ﬃ4î:<687AñÜðIEXC8KA^á:T4~C86nJ687AñHð680Ü0HJ<K¬a~aD6F79ñRïACn037A:I>A6n4~E|4~KA2;ô
õ0XJ:V:øa;20XJa;68EX7áaDWA2;EIKAñXWH^H0X2DJWA687AñXôJ<KAîY:4jôC86FPI:50XCFñIEX2D6zaDWA^H4<>|0379\Ü2D0MdJ<0X4~a;687AñYS	9EX2
a;68^:<ô}ð?0X2;d687AñðIEXC8KA^á:H\A0?a0A>Æ^K9CzaD6F2D:ﬃ4;EXC8K¬a;68EX7,^á:aDWAE¬\A4`W90MðX:ﬂa;E4DJ<0XCF:á687Ñ4;ï903a;6n03C
0379\Ra;:ﬃ^ïEX203CÎ\¬6F^á:ﬃ794~68EX7Y4<S
NKACFa;682;:4~EICFK¬aD6FEI7á^:<a;WAE¬\A4³J<037Hî:JCn0X4D4;6
9:\á0XJ<J<EX2\¬687AñÍa;E§2D:<ñIKACn032B037Y\á6F2D2;:ﬃñ3ô
KAC80X2V\A03aD0õ§EX2D^H0?aD4`0X79\-2D:979:<^á:<7|a2;K9CF:4<SÆù:ﬃñXKACn032`2D:97A:ﬃ^á:<7|aT4;JWA:ﬃ^á:ﬃ4ﬃó^H0X6F7
0X\¬ð?037|a03ñX:45E?ðX:ﬃ2[682D2;:ﬃñXKACn03252D:97A:ﬃ^á:<7|aV4DJWA:<^á:ﬃ40X2;:`aDW90?añI2;6n\JEI7A7A:ﬃJa;68ð6zajd.0379\
ðX:<2;a;:<øﬂC8E¬J<0?aD6FEI794B0X2;:68^áïAC868J<6zaDCFdá\¬:Y7A:ﬃ\Ü0X79\H\A03aD0J<0X7HîY:V:ﬃ0I4~68CFd0XJﬃJ:ﬃ4D4;:ﬃ\Æ>3òW968JW
684E3õVï9032;a;6nJKACn03268^ïEX2;aD0X79J:õ§EX2áCn032DñX:<ô4DJ<0XCF:Ü\A03aD09S ÷5W9:^H03687Ð\A684D0X\¬ð?0X7Ia03ñI:RE3õ
2;:ﬃñXKACn03252D:97A:ﬃ^á:<7|a4;JW9:<^á:ﬃ456n4[a;WA:ﬃ6F2VJEI0X2D4;:ÍñX2037KACn032D6zajdH037Y\RaDWK94C8E?ò 0X\903ï¬aD6Fð|ô
6zajdIS	9EX2:<øA03^áïAC8:X>6F7ÓEI7A:|K90I\a;2D:<:REX2E¬Ja;2D:<:Ü2D:979:<^á:<7|a4~a;:ﬃïöa;W9:R7KA^î:<2E3õ
ðX:<2;a;6nJ:4T6n4^ﬂKACFa;68ïACF68:ﬃ\Óî|dö0õ0IJ%aDEX2EXõõ§EXKA2EX2ﬂ:<68ñXW|aﬃ>Î2;:4~ï:ﬃJa;68ðX:ﬃCFdIS,:K94;:ÜaDWA:
Ô
 
ô4;KAîÀ\¬68ð|6n4;6FEI7R4;JW9:<^á:aDW90?a5EX7AC8dH\¬EXK9îACF:4BaDWA:Í7|K9^î:<25E3õðI:<2;a;6nJ:ﬃ4p687Ü:ﬃ0IJWR4~K9î¬ô
\¬6Fð6n4~68EX7H4~a;:ﬃïH2;:ﬃñI032\¬C8:ﬃ4D4E3õ\¬68^:ﬃ794;6FEI7>XòWA6nJWá684p0Íõ0XJa;EX2³E3õ
Ô


687H:ﬃ0IJWEXõÀa;WA:
\¬6F^á:ﬃ794~68EX7Y4<SYbx7:ﬃJa;68EX7Oý9>9ò[:T\¬:ﬃ4DJ2D6Fî:aDWA:
Ô


ôx4~KAîÀ\¬68ð684;6FEI7-4;JW9:<^á:T687ñX:<79:<203C
0379\ïA2DE?ð|6n\¬:`^áEX2D:\¬:a0368CÀõ§EX2KAï.a;Eáõ§EIKA2\¬68^á:<794;6FEI794ﬃS
Q7AEXa;WA:ﬃ21\¬20Mòî90XJPEXõKY4~687Añ2D:<ñXK9C80X2\A0?a04jaD2;K9Ja;KA2D:ﬃ4À6n4ÆaDW90?a\¬E?ò794D03^áïAC86F7Añ56n4
\¬EX7A:î90X4;:ﬃ\áïAK92;:ﬃCFdáEX7HñI2;6n\H4~a;2DK9J%aDKA2;:I>Xò6Fa;WAEIK¬a[J<EX794;6n\¬:<2D6F79ñT\A0?a0ð?03C8KA:ﬃ4ﬃS|÷5W9:<2D:ô
õ§EX2D:X>I0XCF6n0X4;687AñT032;a;6Fõ0XJaD4BE¬JﬃJKA2³0X79\Ü4DJ68:<7|a;6YJﬃ03C8CFdﬂ6F7|a;:ﬃ2;:4jaD6F79ñ\¬:a0368C84³6F70T\A0?a0T4;:a
J<037ñI:aC8EI4~a0379\.î:TE?ðX:ﬃ2;C8EEXPI:ﬃ\ÆS¬÷ÎEÜ0MðXEX6n\Ra;WA6n4:ﬀ:J%aﬃ>Yòp:KY4~:0H\AE?ò794;0X^áïACF687Añ
9CzaD:<2î90I4~:\OEI7ﬁÀôð?032D6803a;:áZpô4;ïAC86F7A:áò50MðX:ﬃCF:<aD4ﬂ÷5WA:Ü\90?aD0ð?03C8KA:H0?a0ðX:ﬃ2~aD:øﬃà6n4
KAï\90?a;:\ÜòWA:ﬃ7JW90X7AñX687AñaDWA:ÍCF:ﬃðX:<CE3õ1\A:aD0X6FC}>6rS;:XS8>XaDWA:ÍðM0XCFK9:Vð?032D68:ﬃ4Bò6Fa;Wð?032Dd|687Añ
CF:ﬃðX:<C9E3õÆ\¬:a0368CrSV7H0J<EI0324;:pC8:<ðI:<C}>?a;WA:ðM0XCFK9:2;:ﬃïA2;:4~:ﬃ7|aD4Îa;WA:ðM0XCFK9:0?a ﬃ-6FaD4;:<CFõ0379\
037Ú0MðI:<203ñI:Tð?03C8KA:ﬂEXõ[0.J:ﬃ2~a03687O2D:<ñX68EX7Ú032DEXKA79\ﬃpSÆ÷5WA6n4! "YCzaD:<2D6F7AñÜ2D:<^áE?ðX:4aDWA:
03C8680I4~687Añ0X2~aD6zõ0IJ%aD4p0379\áC8:ﬃ0I\A4aDEî:a;a;:<2503ï9ïA2;EMø¬68^H0?a;68EX7#|K90XCF6FajdáEX7ÜJE|0324~:ﬃ2BC8:<ðX:ﬃC84ﬃS
$EX7AôJ<EX794~aD0X7IaÍZ³ôx4;ïACF687A:ﬂò[0MðI:<C8:aD4W90MðX:Ta;WA:ïA2DEXï:<2;ajdRaDW90?aÍa;WA:áJEI^áïAK¬aD03a;68EX7
E3õ5a;WA:ò[0MðI:<C8:aTJE:ﬀ%HJ<6F:ﬃ7|aﬂ0?aﬂ0-ðX:<2;a;:<øﬁﬃ 6847AE3aEX7AC8dOî90I4~:\ÑEX7ÑaDWA:Ü7A:ﬃ6FñIW|îEX24
E3õﬃ îAK¬a03Cn4~EÒEX7âðI:<2;a;6nJ:ﬃ4Ra;WY0?a.0X2;:Oõ032;a;WA:ﬃ20Mò50MdXS&K9JWâCn032DñX:'YCzaD:<24R2D:ﬃ\¬KYJ:
a;WA:R0I\A03ïAa;68ð|6FajdOEXõ5a;WA:Ü^ﬂKACFa;682;:4~EICFK¬aD6FEI7Ñ2;:ﬃïA2;:4~:ﬃ7|aD0?aD6FEI7SNEI2;:ﬃE?ðX:<2>ÀòWA:<7öKY4~687Añ
EXK¬a;ô}EXõÂôJ<EX2D:5a;:ﬃJW97A6(|KA:4BaDEﬂEIïY:ﬃ2D03a;:EI7ÜEX2pð684;K903C868ú<:Cn032DñX:<ô4DJ<0XCF:\90?aD09>|4;KAî94~aD0X7|a;6n03C
03^áEXKA7|a4TE3õ\A03aD0^ﬂK94~aﬂî:RC8EI0X\A:ﬃ\Úõ§2;EI^ :<øa;:<2D790XC³^á:<^áEX2Dd,ò6zaDWöajdïA68Jﬃ03C8CFd,C8E?ò
b*)+ôïY:ﬃ2~õ§EI2;^H037YJ:õ§EI2[0XïAïAC8d|687Añ4~K9JWC80X2;ñI:,9CFa;:ﬃ2D4ﬃS¬/6FõÂa;687Añ4DJWA:ﬃ^:4[ò6zaDWR790X2;2DE?ò
9CzaD:<24³Jﬃ037Hî:K94;:ﬃ\aDETE?ðX:ﬃ2DJ<EX^á:[a;WA6n4³ï92;EIîACF:ﬃ^SXbx7-:J%a;68EX7-.9>Xò[:\¬:4;J<2;68î:0EX79:ô
\¬6F^á:ﬃ794~68EX7Y03C¬C86zõÂaD6F7Añﬂ4;JWA:ﬃ^á:põ§EI2³Zpô4;ïAC86F79:[ò50MðX:ﬃCF:<aD4 03ï9ïACF6nJ<0XîAC8:5a;E^K9CzaD6F2D:ﬃ4;EXC8K¬a;68EX7
ïYEICFdñXEI7903CÀ2D:<ïA2D:ﬃ4;:<7|a0?a;68EX7Y4pEXõJ<KA2;ðI:ﬃ4ﬃS
bx7:ﬃJa;68EX794&/¬>10>037Y\-2A>|ò[:V\¬:4;J<2;68îY:VWAE?ò a;WA6n4503ïAï92;E|0XJWÜJ<0X7Üî:ñX:ﬃ7A:<203C868ú<:ﬃ\
a;EHaDWA:

Uﬂ>YýIU>0379\!.|Uå4;:a;a;687AñI4EXõ^KACFa;682;:4~EICFKAa;68EX72;:ﬃïA2D:ﬃ4;:<7|aD03a;68EX7945ñI:<7A:ﬃ2D03a;:ﬃ\
î|d
Ô
 
4;KAîÀ\¬68ð|6n4;6FEI73§ò6Fa;W465
87
ý
7
.9%Sbx7::J%a;68EX7Y4;A>=<9>p0X79\ ü>A>³òp:-0XïAïAC8d
a;WA:4~:aD:ﬃJWA7A6?|KA:ﬃ4Ha;EÓ4;KA2~õ0IJ:4<> ðXEICFK9^:-\90?aD09>B0379\ÐaD6F^á:ôð?032Dd6F7AñÑðIEXC8KA^á:\90?aD09>
2;:4~ï:ﬃJa;68ðX:<C8dXS8,:TïA2DE?ð68\A:`4;:<ðI:<203CÀ:øA0X^ï9CF:40379\.ð684;K90XCF68ú<:T\A03aD0K94;6F79ñÜ4ja0379\A0X2D\
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh ¼
ð|6n4;K903C86Fú0?aD6FEI7^á:aDWAE¬\A44;K9JW0X456n4~E|4~K92~õ0IJ:`:øa;20XJa;68EX7>AJ<K¬a~aD6F79ñHïAC80X7A:ﬃ4ﬃ>90X79\.ðXEXCFô
KA^á:2;:ﬃ79\¬:<2D687Añ9S
 Îç	1ê
ÑéBè
NKACFa;682;:4~EICFK¬aD6FEI7áðXEXC8KA^á:2D:<ïA2D:ﬃ4;:<7|aD03a;68EX7684Bî90X4;:ﬃ\EX7H0`WA68:<2032JWA6nJ<0XCA\A0?a0`EX2DñI03796zô
úﬃ0?aD6FEI7ÜE3õ682D2;:ﬃñXKACn032pEX2³2D:<ñIKACn032Bajdï:XS|bx2;2D:<ñIKACn032p\90?aD0ﬂ4jaD2;KYJ%a;K92;:4BK94;:7AEI7¬ôKA7A6Fõ§EX2D^
2;:ﬀ97A:<^á:ﬃ7Ia4~a;:ﬃï94<>òWA6nJW.^á0XPX:4³aDWA:<^ WA6FñIWAC8dÜ0X\A0Xï¬a;68ðX:IS7¬õ§EX2;a;K9790?aD:<C8dX>¬ñX2D6n\Ü687¬ô
õ§EX2D^á03a;68EX7^K94~a[î:4jaDEX2D:ﬃ\Ü0X79\R\90?aD00XJﬃJ:4;4p684579E3a4jaD2D0X6FñIWIapõ§EX2Dò[0X2D\Sp4~ï:ﬃJ<680XCFC8d
õ§EX2Cn032DñX:ôx4DJ<03C8:V\90?aD09>90X\9\¬6zaD6FEI7903CÆ^á:ﬃ^EI2;dR2;: IK96F2D:<^á:<7|a4[0X79\.^á:<^áEX2DdHEX2DñI0X7A6Fú0?ô
a;68EX7T7A:ﬃ:ﬃ\A4032D:B^H0jEI21\¬20Mòî90XJP¬4ÆEXõA6F2D2D:<ñXK9C80X24jaD2;K9Ja;KA2D:ﬃ4ﬃS	9EX22;:ﬃñXKACn032Î4jaD2;K9Ja;KA2D:ﬃ4ﬃ>
ñX2D68\ﬂJEX797A:ﬃJa;68ð|6FajdT037Y\TðX:ﬃ2~aD:øTC8E¬J<0?aD6FEI794 032D:³68^áïACF6nJ6FaB0379\\A03aD0V684:ﬃ0I4~68C8dT0XJ<J<:ﬃ4D4~:\ÆS
]E?ò[:<ðX:ﬃ2ﬃ>Ya;W9:ﬂ2D:979:<^á:<7|aT4jaD:<ï94Í^ﬂK94jaTJ<EX7¬õ§EI2;^$a;E.aDWA:aDEXïEXC8EXñI68Jﬃ03C JEX7Y4jaD2D0X6F7|aD4ﬃ>
òWA68JW^H03PI:ﬃ4[2D:<ñXK9C80X254~a;2DK9Ja;KA2D:ﬃ45C8:ﬃ4D40X\A0Xï¬a;68ðX:IS
NKACFa;682;:4~EICFK¬aD6FEI7H2;:ﬃïA2D:ﬃ4;:<7|aD03a;68EX794õ§EI2pJK92;ðI:ﬃ4³0X79\H4;KA2~õ0IJ:4W90MðX:îY:ﬃ:<7R4;KAî	j:J%a
E3õ`2;:4~:032JWÒõ§EI2Ü^H037dÒdI:ﬃ0324ﬃS Q7àE?ðX:ﬃ2;ð68:<ò EXõÍ:<ø¬684~a;687AñÑa;:JWA7A6?|KA:ﬃ4 6F7YJC8K9\¬687Añ
2;:ﬃñXKACn0320X4ò[:<C8C¬0X416F2D2;:ﬃñXKACn0324;JW9:<^á:ﬃ4Æ6n41ñI6FðI:<7T687RûFüﬃýMþSMbx7TaD:<2D^á4ÎE3õ9ýIU4jaD2;K9Ja;KA2D:ﬃ4ﬃ>
6F2D2;:ﬃñXKACn032Í4;JW9:<^á:ﬃ4`032D:á\¬684DJKY4;4;:ﬃ\O6F7û /¬>ü>¬> 2¬>ý+.?þ³037Y\-2D:<ñXK9C80X2Í4DJWA:<^á:4V687ûzü <¬>
ü2¬>
+
>

;¬>

2A> .Iý?þ}SÆQ \¬684DJKY4;4;6FEI7-E3õp2;:ﬃñXKACn032VðX:<24;K94682;2D:<ñIKACn0324DJWA:<^á:46n4ÍñX68ðX:<7
6F7öû ýXýMþS
6F7YJ:Va;WA:`0X\¬ð?0X7Ia03ñI:ﬃ4BEXõ2;:ﬃñXKACn032[4;JW9:<^á:ﬃ4[032D:ðI:<2Dd68^áïYEI2~a037|a³õ§EI2pð6n4~KY03C86Fú0?ô
a;68EX7-03ï9ïACF6nJ<03a;68EX794ﬃ>a;W9:
Ô
 
ô4;KAîÀ\¬6Fð6n4~68EX7-4DJWA:ﬃ^:ò[:T\¬:4;J<2;68îY:6n4EXõ 2D:<ñIKACn0325ajdïY:IS
÷1EEIKA2BP7AE?òC8:ﬃ\¬ñI:X>Ma;W9:
Ô
 
ô4;KAîÀ\¬6Fð6n4~68EX7H4DJWA:<^á:6n4B0`2D:<ñXK9C80X2B4;JWA:ﬃ^á:ò6zaDW97A:ﬃ4~a
ñX2037KACn032D6zajdI>I\¬EIKAîAC86F7Añﬂa;W9:V7KA^ﬂîY:ﬃ2[EXõÎðI:<2;a;6nJ:ﬃ4p687R:ﬃ0IJW4;KAîÀ\¬6Fð6n4~68EX7.4jaD:<ï2;:ﬃñI032\ô
CF:4;4ÍE3õ[\¬6F^á:ﬃ794~68EX71Sbx7Oa;WA:áýXU Jﬃ0X4;:X>Ya;WA6n4Võ0XJaÍ68^áïACF68:ﬃ4ÍaDW90?aÍa;W9:


ôx4;KAî\A6Fð6n4~68EX7
4;JWA:ﬃ^á:X>3687HñX:ﬃ7A:<203C}>3ò68CFCA2D:|KA682D:CF:4;4ðI:<2;a;6nJ:4 a;W90X7>3õ§EI2B:øA0X^ï9CF:I>3E¬J%a;2D:<:4 a;Eﬂ4;03a~ô
684~õ§dH:<2D2;EI2pîEXK979\A4ﬃS8¬6F79J<: 97A:<25ñI2D0X7|K9C80X2;6FajdﬂC8:ﬃ0I\A4³a;EáWA68ñXWA:ﬃ2[0I\A03ï¬aD6Fð6FajdX>|a;W9684[õ0IJ%a
4jaD6FC8CÆWAEXCn\A45òWA:ﬃ7KY4~687AñH0X\A0Xï¬a;68ðX:Í2D:97A:ﬃ^á:<7|a5a;:ﬃJW97A6(|KA:4<S VK925ýIU 03ïAï92;E|0XJWÜW90I4
îY:ﬃ:<7\¬:ﬃ4DJ2D68îY:\R687öûzü ;Mþ}S
	AEX2Ta;68^:<ô}ð?0X2;d687AñðXEICFKA^á:H2D:<ïA2D:ﬃ4;:<7|a0?a;68EX71>14~EIïAWA6n4jaD68Jﬃ0?aD:ﬃ\Ñ03ïAï92;E|0XJWA:4`^á0XPX:
K94~:ÑEXõa;W9:Ñ\90?aD09ó 4aD:<^áïYEI2D0XCTJEIWA:<2D:<79J<:Ú0X79\âõ§E¬J<K94EX7 a;WA:ö\¬:<a;:J%a;68EX7 E3õá4~ïY0?ô
a;6n03C )?4~a;2DK9J%aDKA2D0XCYJW90X7AñX:4B037Y\HKAïÀ\A0?aD:ﬃ4[6F7Üa;68^:áûFü3>|ý >¬>¬ý

>ý+;?þ}S÷5WA:ﬃ4;:V0XïAïA2DEI0IJWA:ﬃ4
JEX7Y4~6n\¬:<2B4DJ<0XCF687Añ`687ﬂaD6F^á:î9K¬aB7AE3aB687Ü4;ï90XJ<:XS3]E?ò[:<ðI:<2>?03ïAïAC86nJ<0?aD6FEI794 687HC80X2;ñI:ôx4;Jﬃ03C8:
a;68^:<ô}ð?0X2;d687AñÜðXEICFK9^:ﬂð684;K903C868úﬃ0?aD6FEI7K94;6F7Añ684;EI4;KA2;õ0XJ<::øa;20XJa;68EX7ÒûFüXü3>Àý+>A>ý ;MþEX2
ðXEXC8KA^á:2;:ﬃ79\¬:<2D687AñÚûFü3>ý

þ,r0JEX^áï90X2;6n4;EX76n4Í\A2D0Mò7Ú6F7 û ý 2Mþ V2D:|KA682;:4KY4aDEK¬a;6Fô
CF68ú<:^K9CzaD6F2D:ﬃ4;EXC8K¬a;68EX7Ð2;:ﬃïA2D:ﬃ4;:<7|aD03a;68EX794ﬂò6zaDW 4DJ<0XC80XîA68CF6Fajdö6F7Ða;68^á:-0379\Ð4~ïY0XJ:ISQ7
03ïAïA2DEI0IJWÚ\¬:03C86F79ñ.ò6Fa;WÑCn032DñX:<ô4DJ<0XCF:\A0?a0687,a;68^á:R0379\,4;ï90XJ<:ò50X4\A:ﬃ4DJ2D6Fî:ﬃ\Úîd
WA:<7Ú:a`03C}Sû ýAü%þSÀ÷5WA:<682Í0XïAïA2DEI0IJWJ<EX^ﬂîA6F79:ﬃ4Í037-E¬J%aD2;:ﬃ:Tò6Fa;WÚ0RîA6879032DdRaD2;:ﬃ:TaDE0
÷56F^á:ô"ï90IJ:G032;a;6Fa;68EX7 ÷¬G Îa;2D:<:I>?òWA:<2D:[a;WA:E¬J%aD2;:ﬃ:5684 K94;:ﬃ\õ§EX2 aDWA:4;ï90?aD680XCA0379\
a;WA:îA68790X2;dHaD2;:ﬃ:Íõ§EX25a;W9:`a;:<^áïEX203CÆWA68:<2032JWdXS
ZpdÑK94;687Añ,0


ôx4~K9î\¬68ð684;68EX7ÓWA68:<2032JWdOõ§EI2á2;:ﬃïA2;:4~:ﬃ7|a;687Aña;68^á:ôð?032Dd|687AñÚðXEXCFô
KA^á:á\90?aD09>Àòp:ﬂa;2D:ﬃ03aa;68^á:H0X4`0R2D:ﬃ0XC1õ§EIKA2;a;WÑ\¬6F^á:ﬃ794~68EX71SpEI^áï9032D:ﬃ\aDE.a;WA:á÷¬G
03ïAïA2DEI0IJW>òp:WY0MðX: 97A:ﬃ2ñX2037KACn032D6zajdI>òWA68JW6n4:4~ï:ﬃJ<680XCFC8dR\¬:4~682D0XîAC8:6F7.a;W9:4~ïY0?ô
º¶
skjw
¶
yh|wxghgDi³sﬃÂ­
a;6n03C³\¬68^á:<794;68EX7S VKA2`õ§203^á:ﬃòpEI2;P\¬:03Cn4`ò6zaDWÑ4;ï903a;6n03CB037Y\-aD:<^áïYEI2D0XCB\¬68^:ﬃ794;6FEI794
:|K903C8C8dXS VKA2,.|U 03ïAï92;E|0XJWÜW90I45îY:ﬃ:<7\¬:4;J<2;68îY:\.6F7öûFü 0ﬃþS
  ë xçAíjè |é ~ëç¬í~é³æ 
Ðíjç 

 	|ë
Têíííjé³æ
Qà^KACFa;682D:ﬃ4;EXC8K¬a;68EX7WA68:<2032JW|dî90X4;:ﬃ\EX7
Ô
 
4~KAîÀ\¬68ð684;6FEI7H684³JEX7Y4jaD2;K9Ja;:\ﬂîd4ja032;a~ô
6F7AñÐò6zaDWàa;W9:ÚJE|0324~:4jaÜ2D:ﬃ4;EXC8K¬aD6FEI7àE3õ0öñI6FðI:<7à^á:ﬃ4;W 037Y\à6zaD:<20?aD6FðI:<C8dÐ03ï9ïACFd687Añ
Ô


ô4;KAîÀ\¬68ð|6n4;6FEI7â4jaD:<ï94ﬃS[÷5W9:O4~K9î\¬68ð684;68EX7 4~a;:ﬃï94R0X2;:-ï:<2;õ§EX2D^á:ﬃ\à4;6F^ﬂKACFaD0379:<EXKY4~C8d
õ§EX203C8CÆ^á:ﬃ4;W:<C8:<^á:<7|aD4ﬃS
÷5WA:4~ïAC86Fa~a;687AñR4~a;:ﬃïE3õ1aDWA:
Ô
 
ôx4~KAîÀ\¬68ð684;6FEI7.4DJWA:ﬃ^:Jﬃ037îY:T\A:ﬃ4DJ2D6Fî:ﬃ\.îdÜK94~ô
6F7AñÚa;2D6n037AñIKAC80X2EI2 |K90I\¬2;68Cn0?a;:ﬃ2D0XCp^á:4~WA:4§õ§EX2 5

EX2ﬂa;WA:ﬃ6F2áñI:<7A:ﬃ2D0XCF68úﬃ03a;68EX794
a;E-WA68ñXW9:<2\¬68^á:<794;68EX794Âõ§EX2 

S1bx7ÑaDWA:ýIU J<0I4~:I>Æa;W9:R4~ï9CF6Fa~aD6F7AñÚ4jaD:<ïÓEXõ[aDWA:



ôx4~K9î\¬68ð684;68EX74;JW9:<^á:`684: |KA6Fð?0XCF:ﬃ7IaaDEáa;WA:C8EX79ñX:ﬃ4~a~ô:ﬃ\AñX:`îA6n4~:J%a;68EX7EXõÎaD:a;203W9:ô
\¬2D0XC1^á:ﬃ4;WA:4Tû 0¬>

.A> . .?þS ,:ﬂJEI794;68\¬:ﬃ2 |K90X\A2;68C803a;:ﬃ2D0XCÆ^:4~W9:ﬃ40X79\.a;W9:<682VñI:<7A:ﬃ2D0XCzô
6Fú0?a;68EX7Y4<>ÎòWA68JWÒ^á0XPX:4`a;WA:.\¬:<2D68ðM03a;68EX7Ó0X79\Ña;W9:\¬:4;J<2;68ï¬a;68EX7öEXõ5a;WA:Ra;:ﬃJW97A6(|KA:4
^EI2;:VJEX^áïA2D:<W9:<794;6Fî9CF:IS 	AEI2p68^áïAC8:<^á:<7|aD03a;68EX7HïAK92;ïEI4;:ﬃ4ﬃ>Iò[:W90MðI:K94;:ﬃ\áaD2;6n0379ñXKACn032
^:4~W9:ﬃ4`0379\-a;WA:ﬃ6F2ñI:<7A:ﬃ2D0XCF68úﬃ03a;68EX794ﬃ>Y4;6879J:ﬂa;WA:ﬃdO4;KAïAïEX2;a`0XïAïAC868Jﬃ0?a;68EX7ÚE3õ³:<ø¬684~a;687Añ
ð|6n4;K903C86Fú0?aD6FEI7Üa;EEIC84ﬃS
÷5WA:Ü4~ï9CF6Fa~aD6F7Añ-4~a;:ﬃïÑE3õ[a;WA:
Ô
 
ôx4~KAîÀ\¬68ð684;6FEI7ö4;JWA:ﬃ^á:ò[:<2D:H\¬:ﬃ4DJ2D68îY:\Úîd pE3ô
WA:<7,0379\-UÍ03K9îY:JWA6F:4ﬂû ;?þõ§EX2  5

0X79\-N-0XKAî90IJWÓû

>?þõ§EX2`032DîA6zaD2D0X2;dS 	Î68ñXK92;:
üR68CFC8K94~a;20?a;:4Tõ§EIKA2H4~ï9CF6Fa~aD6F7AñÑ4~a;:<ïY4EXõV0


4~KAîÀ\¬68ð684;6FEI7   5

S÷1E,4~ïAC86FaaDWA:
IKY0X\¬2D6FCn0?aD:<203CH>Îò[:J<EX^áïAK¬aD:R6FaD4J:<7|aD2;EI68\Ú0379\ÒJEX797A:ﬃJaOa;E-aDWA:Üõ§EIKA2ðX:<2;ô
a;6nJ:ﬃ4TE3õáS÷5WA:  ~EIC8\ :\¬ñX:4`E3õ[a;WA:H^á:4~Wö032D:á2;:ﬃ^áE?ðX:ﬃ\ §:<ø¬J<:<ï¬aõ§EI2`a;WA:R:ﬃ\¬ñI:ﬃ4
\¬:aD:<2D^687A687Añáa;W9:Í^á:4~W )3\¬EX^H0X6F7.îYEIKA79\A0X2;d1S
c
Q
ﬀ
ÊﬂﬁÊ
Ö VwxI¹A{IyŁ3ywxyzmﬃhY­
@:<C8WAEÐ0X79\ﬃEI2;687 û .Yü%þJEX^áïAC8:aD:ﬃ\aDWA:
 
ô4;KAîÀ\¬6Fð6n4~68EX7 4;JWA:ﬃ^á:Oîd 0I\A\¬687Añ
0370MðX:<203ñI6F79ñO4jaD:<ï a;E,aDWA:-4~ï9CF6Fa~aD6F7AñÓ4~a;:ﬃïS 	6FñIKA2D:

4;WAE?ò4ﬂa;WA:^H0I4~P¬4õ§EX2áaDWA:
4~ïAC86Fa~a;687Añ r0 Í0379\Oa;W9:Ü0MðX:<203ñI6F79ñR4jaD:<ï §î S1Q


ôx4~K9î\¬68ð684;68EX7Ú4~a;:ﬃïÑ684`:<ø:JK¬aD:ﬃ\
î|d92D4~a03ï9ïACFd687Aña;WA:^H0I4~PR4;WAE?ò7.6F7'	68ñXKA2D:

0%>¬òWA6nJW6F7Y4~:ﬃ2~a4[a;WA:TJ<:<7|a;2DEX6n\A4
0I47A:ﬃò ðX:ﬃ2~aD68J<:ﬃ4ﬃ>Y0X79\aDWA:<7 0?õÂaD:<2Va;EIïYEICFEIñX6nJ<03CÎ^á:ﬃ4;WO^áE¬\¬6
J<0?aD6FEI79403ï9ïACFd687Añ
a;WA:^H0X4;PR4;WAE?ò7.6F7'	6FñIKA2D:

§î >AòWA6nJW.0I\ jK94~aD45aDWA:EXCn\ðX:<2;a;6nJ:4<S
@:<C8WAE0X79\ﬃEI2;687R4;WAE?ò[:ﬃ\áaDW90?a[a;WA:`ïA2DE¬\¬K9J<:ﬃ\Ü4;KA2;õ0XJ:4p0X2;:! #"ôxJEI7IaD6F7KAEIK94[0?a
2;:ﬃñXKACn0320379\ T=ôxJEI7IaD6F7KAEIK94103a:<øa;203EX2\¬6879032DdÍðX:<2;a;6nJ:4<S÷5WA6n44;KAîÀ\¬68ð|6n4;6FEI7ﬂ4DJWA:<^á:
õ§EX2 IKY0X\¬2D6FCn0?aD:<203Cn46n4Í0X7903C8EXñIEXK94a;Ea;WA:

ýMô4;KAîÀ\¬68ð|6n4;6FEI7O4;JW9:<^á:EXõp_`EXîAî:<CFaõ§EI2
a;2D680X7AñXC8:ﬃ4áûFü

þS÷5WA:<2D:õ§EI2;:I>Àòp:áJ<0XCFC6Fa


4;KAîÀ\¬6Fð6n4~68EX71S  	AEI2T037Ú6F7|a;2DE¬\¬K9Ja;68EX7Úa;E
4~KAîÀ\¬68ð684;6FEI7^:<a;WAE¬\A4ﬃ>¬ò[:2;:<õ§:<25a;Eû .

þS 
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh 
§sM 1
4
1
4
1
4
1
4
Â¹
1
2
1
8
1
8
1
8
1
8
ﬀ
Ê 9Ê`Ë
sﬃwxØ3wﬂmﬃl Ö
wxI¹A{IyŁ3yzwxymﬃhöwijg[§sMyzhIwxgDkxijyh|tvgDh3ixkjmﬃyz{Â¹Tsﬃ{<°}|wijyh|tmﬃF{
ŁgDkxijyvgw­
÷5WA684Í4;KAî\A6Fð6n4~68EX7O4DJWA:ﬃ^:ﬂJ<037OîY:ñX:ﬃ7A:<203C86Fúﬃ:ﬃ\.aDE032DîA6Fa;2032Dd\¬68^á:<794;68EX7SÀ÷5WA:
4~ïAC86Fa~a;687Añ.4jaD:<ïE3õaDWA:
Ô
 
4;KAî\A6Fð6n4~68EX76n4:<ø:JK¬aD:ﬃ\îd.6F7Y4~:ﬃ2~aD6F7AñÜa;WA:J<:<7|a;2DEX6n\E3õ
a;WA: Àô\¬68^á:<794;68EX790XCAñX:ﬃEX^á:aD2;6nJ<0XC94~WY03ï:ﬃ4³0X79\H0X\jK94jaD6F79ñTðX:ﬃ2~aD:øHJEX797A:ﬃJa;68ð|6FajdXS|÷5WA:
0MðX:<203ñI6F79ñﬂ4~a;:<ï03ï9ïACF68:ﬃ4[aDEH:<ðI:<2DdHEXCn\ðI:<2;a;:<øÑa;WA:KAïÀ\A03a;:2DKACF:
ﬁ5	
:jü
7
òWA:<2D: 684a;W9:J:ﬃ7IaD2;EI68\EXõ a;WA:0X\ ~0IJ:<7|a79:<ò ðX:ﬃ2~aD68J<:ﬃ40X79\Òû >
7
ü<þ}S :<:.û

ýMþ
õ§EX25õ§KA2;a;WA:ﬃ2\¬:<aD0368Cn4<S
	Î68ñXK92;:[ýV4;WAE?ò41a;WA2D:<:

 
ôx4~KAîÀ\¬68ð684;6FEI7ﬂ4;ïAC86za;a;687Añ4jaD:<ï94& 5 ü õ§EI24~a;2DK9Ja;KA2D:ﬃ\
2;:J%a;68C86F7A:032HðIEXC8KA^á:\90?aD09S³÷5WA2D:<:P6F7Y\A4HE3õ`ïEXC8d|W9:ﬃ\¬203C4;W903ï:ﬃ4R032D684;:X>4;WAE?ò76F7
	Î68ñXK92;: .9S

ﬀﬁ
ﬂﬃ
 
!"
#$
%&
'(
)*
+,
-.
ﬀ
Ê
/9Ê

Ö wx|¹A{IyŁ3ywxymhY­
01
23 45
ﬀ
Ê76Ê
uÀmﬃX¯Ig%{Xk~s<|wx¯s<¬gwvDkjg%sijg%{`¹?

Ö
pwxI¹A{IyŁ3ywxyzmﬃhm?vDi~sﬃ¯Ig%{XkjmﬃhYMm?v;i~sﬃ¯|g{XkjmhV·Byij¯
wxIyiBlnsﬃvgwsﬃh|{v|¹¬mﬃyz{9­
à6zaDW 2D:ﬃ4;ï:ﬃJ%aHaDEÑa;WA:-4~aD0X2~aÜJ<EX789ñIKA20?a;68EX7  924~aÜïA68Ja;KA2D:E3õ 	6FñIKA2D:ý%>aDWA:
a;WA2D:<:T4;KAîÀ\¬6Fð6n4~68EX74~a;:ﬃï94J<0X7.î:T\¬:4;J<2;68îY:\.6F7.a;W9:`õ§EXC8CFE?ò687Añáò[0Md ﬂA÷5WA: Y2D4~a4jaD:<ï
6F794;:<2;aD4Ta;WA:.J:ﬃ7IaD2;EI68\,EXõa;WA:.JKAîEX6n\44;:ﬃJ<EX79\öï968Ja;KA2D:ÜE3õ	68ñXKA2D:Rý >1aDWA:4;:ﬃJ<EX79\
4jaD:<ïÑ6F7Y4~:ﬃ2~a4Ía;WA:ÜJ<:<7|a;:ﬃ2D4`EXõpaDWA:áõ0XJ<:ﬃ4`E3õ[a;W9:HEX2D6FñI6F790XCJKAîEX6n\ Âa;W96F2\,ïA68Ja;KA2D:HE3õ
	Î68ñXK92;:ý >30379\a;W9:5a;WA682D\4~a;:<ï68794~:ﬃ2~a4a;WA:^á6n\¬ïEX687Ia4 E3õYa;WA::\¬ñX:4 E3õ9aDWA:5EX2D6FñI6F7Y03C
JKAîEX6n\ Âõ§EXK92~aDW.ï968Ja;KA2D:`E3õ 	Î68ñXK92;:ý S
¶
skjw
¶
yh|wxghgDi³sﬃÂ­
÷5W|KY4<>Ya;WA2D:<:

 
ôx4~K9î\¬68ð684;68EX7Ú4~a;:ﬃï94ÍïA2DE\AK9J:ﬂa;WA:á4D03^á:ﬂ2D:ﬃ4;KACFaÍ0I4VEI7A:EJa;2D:<:
2;:ﬀ97A:<^á:ﬃ7Ia`4jaD:<ïSÆ÷5WA:ﬂajò[ER4jaD:<ï94Í687-î:ajò[:<:<7ÚïA2DE?ð|6n\¬: Y7A:<2ÍñX2037KACn032D6zajdIS 	AEI2Vð6Fô
4~K90XCF68úﬃ03a;68EX7.ïAKA2DïYE|4~:4<>aDWA6n4CF:0X\A4[aDEHWA68ñXWA:ﬃ20X\A0Xï¬a;68ð6zajdÜ687:<2D2;EI2~ôîEXKA79\A:ﬃ\Æ>ð6F:ﬃò5ô
\¬:<ï:<79\A:<7|a`4;:a;a;687AñI4ﬃSÆ÷5WA:<2D:õ§EI2;:I>96FaÍ6n4ÍCF68PX:ﬃCFd.aDW90?a`EX7A:ﬂ^K94~a`2;:ﬃ79\¬:<2ÍC8:ﬃ4D4V\A03aD0Üa;E
EXî¬a03687.0H\¬:4~682D:ﬃ\6F^H03ñI: )ﬂð6n4~KY03C86Fú0?a;68EX7 |K903C86zajdIS
bx7EI2D\¬:ﬃ2³aDEáñX:<79:<20?a;:`0ﬂõ§EXKA2;ôx\¬6F^á:ﬃ794~68EX7Y03CWA6F:ﬃ2D0X2DJWdI>Iò[:4ja032;a5ò6Fa;W0Wd|ï:<2;ô
JKAî: EX2³Wdï:<2JKAîEX6n\ %>\¬:ﬃïA68Ja;:\H6F7	Î68ñXK92;: /AS	68ñXKA2D: / 0 B4~WAE?ò4³6za4³4;d^^á:<a;2Dd
6F7Ü0XCFC9õ§EXKA2³\A6F^á:<7Y4~68EX794ﬃS3bx7áaDWA:õ§EICFC8E?ò6F79ñ9>?ò[:K94;:6FC8CFKY4jaD2D03a;68EX794B0I4687	Î68ñXK92;: / §î >
òWA:<2D:`a;WA:W|dï:<2JKAî:6n44jaD2;:<aDJWA:\.6F7EI7A:T\¬68^:ﬃ794;6FEI7S1àWA:ﬃ7-JEX7Y4~6n\¬:<2D687Aña;68^:<ô
ðM0X2;d687AñðXEXC8KA^á:\A0?a0A>¬aDWA6n4\¬6F^á:ﬃ794~68EX7ò68CFC12;:ﬃïA2;:4~:ﬃ7|apaDWA:`a;:ﬃ^ïEX203C\A6F2D:ﬃJa;68EX7S
§sM
  

	 



 

 ﬀ
ﬁﬂ
ﬃ
t
t+1 Â¹
 ! "#
$%&'
() *+
,-
./
01 23
4567
89 :;
<=
>?
t t+1
ﬀ
ÊA@AÊCB
X¬gDkjvI¹¬g­
bx7!	68ñXKA2D: ;A>¬õ§EIKA2


ôx4;KAî\A6Fð6n4~68EX74jaD:<ï94  5 ü 5032D:`4;WAE?ò7S Ú:EI7ACFd.4~W9E?ò
a;WA:-4;ï90?aD680XCJEX797A:ﬃJa;68ð|6Fa;68:ﬃ4áò6Fa;W96F7 a;W9:a;68^:4~a;:ﬃï94H0379\ÐEX^á6FaHa;WA:J<EX7A7A:J%aD6Fð6Fajd
6F7¬õ§EI2;^H03a;68EX7.îY:<ajòp:ﬃ:<7.a;68^á:T4jaD:<ï94ﬃS
	Î68ñXK92;:; 0 54;WAE?ò45aDWA:T687A6Fa;6n03C1Wdï:<2JKAîEX6n\Æ>9òW968JW-J<EX794;684~aD4E3õ ajòpEÜJ<KAîEX6n\A4
0?aajò[EVaD6F^á:4~a;:ﬃï94<>ED
=
0379\FDHGXSI÷5WA:[ajòpEJK9îYEI68\A4³032D:5J<EX7A79:ﬃJ%aD:ﬃ\á0XJﬃJEI2D\¬687AñVa;E 	6FñXô
KA2;:/1î %SÆ÷5WA: 92D4~aÍ4;KAîÀ\¬68ð|6n4;6FEI7O4jaD:<ï-68794;:<2;aD4a;WA:áJ:ﬃ7|a;2DEX6n\E3õa;W9:ﬂWdïY:ﬃ2DJ<KAîEX6n\Æ>
4~WAE?ò7Ú6F7 	6FñIKA2;:; î %>ÆòW968JW,J<037ÚîY:á687|a;:<2DïA2D:aD:ﬃ\-0I4aDWA:HJ:ﬃ7IaD2;EI68\-E3õ[0.JK9îYEI68\
0?aaD6F^á:4jaD:<ïID
L
5KJMLONCJ

L
S÷5WA:.4~:JEX7Y\ö4~KAîÀ\¬68ð684;6FEI7Ò4~a;:<ïÐ6F7Y4~:ﬃ2~a4a;W9:.J<:<7|a;2DEX6n\A4
E3õBaDWA:á:<68ñXW|a`J<KAîEX6n\A4`ò6zaDWA687OaDWA:áEX2D6FñI6F790XC1WdïY:ﬃ2DJ<KAîEX6n\Æ>4~W9E?ò7-6F7 	6FñIKA2D: ; JS
÷5WA:aDWA6F2\Ü4~a;:ﬃïÜ6F7Y4~:ﬃ2~a4a;W9:VJ:ﬃ7|a;:<24BEXõÆa;WA:õ0XJ<:ﬃ4BEXõÆa;WA:4~:V:<68ñXW|apJ<KAîYEI68\94³EI2³E3õÆaDWA:
EX2D6FñI6F790XCWdïY:ﬃ2DJ<KAîYEI68\>92D:ﬃ4;ïY:J%a;68ðX:ﬃCFdI>Y4;WAE?ò7687	6FñIKA2;: ; \ %S 	687903C8C8dX>Ya;WA:õ§EXKA2;a;W
4jaD:<ï,6F794;:<2;aD4VaDWA:H^á68\¬ïEX687|aD4`EXõ³a;W9::\¬ñX:4ÍE3õ³aDWA:á:<68ñXW|aTJKAîEX6n\A4ÍEX2`EXõ³a;W9:EI2;68ñX6Fô
7903CWd|ï:<2JK9îYEI68\Æ>|2D:ﬃ4;ïY:J%a;68ðX:ﬃCFdI>I4;WAE?ò7H687-	6FñIKA2;: ; §: %S¬÷5WA:VñX:<EI^á:a;2D6nJ4jaD2;K9Ja;KA2D:
4~WAE?ò7.687!	68ñXKA2D: ; : [JEI794~6n4~aD45E3õ5ü;ﬂWdïY:ﬃ2DJ<KAîYEI68\94<S
PRQﬂíHSDçAí~æUT éVSXWZY \[ ~í;æ  
    Æç
àWA:<7O\AE?ò794;0X^áïACF687AñHaD6F^á:<ô}ð?032Dd6F79ñHðXEXC8KA^á:\A03aD0H687O0H2D:<ñIKACn032õ0I4~WA68EX71>Y\A03aD0H6n4
7AE3aÜñI2;EIKAïY:\\¬KA:aDEÓJW9037AñI:ﬃ4á687 a;68^:OEX2R4;ï90XJ<:XS³÷5WK94ﬃ>³0XCF6n0X4;6F79ñÑ0X2~aD6zõ0IJ%a4áEJô
JKA20X79\68^ïEX2;aD0X7|a\¬:a0368C84^H0MdîY:T^á6n4;4;687AñHEX7JE|0324~:`C8:<ðI:<Cn4E3õ 2;:4~EICFKAa;68EX7S1,:
E?ðX:<2JEI^á:aDWA684TïA2;EIîAC8:<^ îdOKY4~687Añ-\¬E?ò794D03^áïAC8687Añ-YCzaD:<24<Sbx7Ñ68^H03ñX:áïA2DE¬J:4;4;6F79ñ9>
4~K9JWÓ\AE?ò794;0X^áïACF687Añ!9CFa;:ﬃ2D4ﬂ032D:RJEI^á^EI7AC8dO:<^áïAC8E?dX:\Ñò6zaDWÓò50MðX:<C8:a4<Sa;EXC8C87A6zaDú
:a03C}Sû ý /þÎ\A:ﬃ4DJ2D6Fî:ﬃ\WAE?òâaDEHñX:ﬃ7A:<20?aD:Vò50MðX:ﬃCF:<aD4põ§EX24;KAîÀ\¬6Fð6n4~68EX74DJWA:<^á:4<S
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh  
§sM
t t t1 2 3
Â¹¬
Âv
§{
Âg



	









ﬀﬁ
ﬂﬃﬂ
 
 !
"# $%
&'
()
*ﬃ*+
,-
./
01 23
45 67
89
:;
<=
>? @ﬃ@
AﬃA
ﬀ
ÊCB9Ê

Ö wx|¹A{IyŁ3ywxymhY­
Q õ03^á68CFdÑE3õ,YCzaD:<24J<0X7öîY:.\¬:<2D68ðX:ﬃ\Ñîd,K94;6F7AñÚZ³ôx4;ïACF687A:4TE3õð?0X2;68EXK94\¬:<ñI2;:ﬃ:ﬃ4
õ§EX2ò50MðX:<C8:a5ñX:ﬃ7A:<20?aD6FEI7S  	9EX20X7.687|a;2DE¬\¬K9J%aD6FEI7RaDEÜZpô4;ïAC86F7A:ÍaD:ﬃJWA7A6?|KA:ﬃ4ﬃ>¬ò[:2;:<õ§:<2
a;Eû

0ﬃþ}S p]E?ò[:<ðX:ﬃ2ﬃ>IòWA:<7RK94~687Añ7AEX7AôJ<EX794~aD0X7Ia[Z³ôx4;ïACF687A:4<>Ia;WA:`4;6Fúﬃ:VEXõÆa;WA:Íò[0MðI:<C8:a
9CzaD:<24`684`79E3aTC86F^á6Fa;:ﬃ\ÚaDE0I\ ~0XJ<:<7|aðX:ﬃ2~aD68J<:ﬃ4ﬃSÀ/1E¬J<03C868úﬃ0?aD6FEI7O6n4\¬:ﬃ4;682D0XîACF:áòWA:ﬃ7Úò[:
ò[0X7Iaa;E`03ï9ïACFd`aDWA:5ò[0MðI:<C8:a YCzaD:<2 a;E`0X\903ï¬aD6FðI:³2D:97A:ﬃ^á:<7|a 0X79\TEIK¬a~ôE3õÂôxJEI2;:pð684;K903CFô
6Fú0?a;68EX7a;:JWA7A6?IK9:ﬃ4ﬃSM/16zõÂaD6F79ñÍ4DJWA:<^á:4Î0I4Î687|a;2DE¬\¬K9J:\Tîdò[:<Cn\¬:<7945û ý0ﬃþ9\A:ﬃJEI^áïYE|4~:
ò[0MðI:<C8:aJEX^áïAKAaD0?aD6FEI7945687IaDEÜ4~:ﬃðX:ﬃ2D0XC4~a;:ﬃï94<>9îAK¬aa;W9:<d0I4;4;:<2;a579032D2;E?ò 9CzaD:<24<S
Ú:Í2;:ﬃð6F:ﬃòa;WA:`6n\¬:ﬃ0E3õ1C86zõÂaD6F79ñ687RñI:<7A:ﬃ2D0XC0X79\ÜC86FõÂa;687AñáE3õÎZpôx4~ïAC8687A:ò50MðX:ﬃCF:<aD4p6F7
ï9032;a;6nJKACn032SÆ÷5WA:ﬃ4;:ÜJEI79J:ﬃï¬aD40X2;:aDWA:<7ÑK94;:ﬃ\Oa;EñI:<7A:ﬃ2D03a;:79032D2;E?òåò[0MðI:<C8:a 9CzaD:<24
õ§EX2
Ô


ô4;KAîÀ\¬68ð|6n4;6FEI7WA68:<2032JWA68:ﬃ4ﬃS
÷5WA:á68\¬:0.E3õ[0.C86zõÂaD6F79ñ4DJWA:ﬃ^:á6n44~W9E?ò7Ú687 	68ñXKA2D:-0>ÆK94;687Añ.a;WA:á:øA0X^ï9CF:áE3õ
CF687A:ﬃ0X2Zpô4;ïAC86F79:Tò[0MðI:<C8:a4<S1	9EX2\¬E?ò7Y4;0X^ï9CF687Añ9>Aa;WA:TðI:<2;a;6nJ:4E3õB0áC8:<ðX:ﬃCE3õ2D:ﬃ4;EXC8K¬ô
a;68EX7EDGF,032D:4;ïAC86zaT687|a;E.ajòpE.ñX2DEXK9ï94ﬀﬂaDWA:áEX7A:4Ía;W903a`î:<C8EX79ñaDE.a;WA:H7A:<øaJ<EI0X2D4;:<2
CF:ﬃðX:<C9E3õÆ2;:4~EICFKAa;68EX7HDGFJI
=
§EXõÂa;:ﬃ7Ü2;:<õ§:<2D2;:\TaDE0X4LKNMOKNPöðI:<2;a;6nJ:4  0X79\a;WA:EX7A:4a;WY0?a
îY:ﬃCFEI7AñTaDEQDGFSRCDGFTI
=
§E3õÂaD:<72;:<õ§:<2D2;:\aDEﬂ0I4VUXWYW-ðX:<2;a;6nJ:4 SXbx794~a;:0X\HEXõ103ïAï9CFd687Añ0
C80X2;ñI:\¬E?ò794D03^áïAC86F79ñ#9CFa;:<2Va;ERa;WA:ðX:ﬃ2~aD68J<:ﬃ4 ZD[FJI
=
>9aDWA:ﬂC86FõÂa;687Añ.4DJWA:ﬃ^:\¬:ﬃJ<EX^ô
ïYE|4~:4BaDWA:`C80X2;ñI:,9CFa;:<25687|a;EﬂajòpEﬂ79032D2;E?òEI7A:ﬃ45037Y\Ü:ø¬:JK¬aD:ﬃ4³ajòpE4jaD:<ï94ﬃS8	Î6824ja>|EI7A:
¶
skjw
¶
yh|wxghgDi³sﬃÂ­
79032D2;E?ò 9CFa;:ﬃ2   
	?³684[03ï9ïACF68:ﬃ\aDETaDWA:ðI:<2;a;6nJ:ﬃ4 D F RCD FJI
=
S9:JEI79\Æ>3aDWA:EXa;WA:ﬃ2
79032D2;E?ò 9CFa;:ﬃ2  
	?p6n4p0XïAïAC86F:\HaDETa;W9:VðI:<2;a;6nJ:ﬃ4  D FJI
=
S¬÷5WA6n4pï92;E¬J:4;4³684pK94;K903C8C8d
2;:<õ§:<2D2;:\áa;Eá0X4 KNP U W PX>A0379\Üa;WA:`ð?03C8KA:ﬃ4[0?a[a;W9:ÍðI:<2;a;6nJ:4  D F R D FJI
=
0X2;:ÍJ<0XCFC8:ﬃ\
 OMOK K	 UXK K Pﬀ	ﬁ%S÷5WA: W K
 UXWﬂ Pﬃ 4jaD:<ïÓ687ðX:<2;aD4a;W9:Rajò[E-:<7YJE¬\¬687Añ,4~a;:ﬃï940379\
2;:JEX7Y4jaD2;K9JaD4[C8:<ðX:ﬃC D F õ§2DEX^ C8:<ðI:<C D FTI
=
K94;6F79ñﬂaDWA:ò50MðX:<C8:aJE:ﬀ%HJ<6F:ﬃ7|aD4ﬃS
w−lift
−0.5
wavelet
coeff.
level n−s−lift s−lift
w−lift
−0.250.25
11
1 1
decoding
0.5nlevel level n
1
encoding
ﬀ
Ê AÊ"!
h|gDr{IyqghIwxymhs<AzyhIg%s<k[ßÎwx|yh|g5· sŁggDi³zylFijyzhItwxv;¯Igqg­
÷5WA:ÓC86zõÂaD6F7Añ:9CFa;:<24OJﬃ037 î:Ð\¬:4;J<2;68î:ﬃ\ îd ^H0I4~P¬4ﬃS 	AEI2O:øA0X^ï9CF:I>a;W9:ÒEX79:ô
\¬6F^á:ﬃ794~68EX7Y03CZpô4;ïAC86F79:Íò50MðX:ﬃCF:<a[C86FõÂa;687Añ#9CFa;:ﬃ2D40X2;:`ñX68ðX:ﬃ7Rîd ﬂ
4jôCF6FõÂa ﬁ#
7%$
ﬂ'& #
$
# (
7
~ü 
ò5ôCF6FõÂa ﬁ#
7%$
ﬂ'&
#
$
#(*)



4;6F7AñáaDWA:T4~ô}C86zõÂa0X79\.ò5ô}C86FõÂa^H0X4;P4ﬃ>A0áC86F7A:032Zpôx4~ï9CF687A:`ò[0MðI:<C8:a:<7YJE¬\¬687AñÜ4jaD:<ï
684\A:97A:\Rîd.4~: IK9:<7|a;6n03C8CFdR:ø¬:ﬃJ<K¬a;687Aña;WA:`ajò[EáEXï:<20?aD6FEI794
ò5ôCF6FõÂa  
=
L
7
ü  0379\
4~ô}C86FõÂa 
=
"
7
ü 
)
Q CF687A:ﬃ0X2TZpô4;ïAC86F7A:áò50MðX:ﬃCF:<a`\¬:JE¬\¬687Añ-4~a;:<ï,6n4T\¬:Y7A:ﬃ\,îd-:ø¬:JK¬aD6F7Añ.aDWA:H6F7ðI:<24~:
EXï:<20?a;68EX7Y4p6872;:ﬃðX:ﬃ2D4;:VEI2D\A:<2S÷5W9:<d0X2;:
4jôC86zõÂa 
=
"
7
ü  0379\
ò5ô}C86FõÂa 
=
L
7
ü 
)
4;6F7AñáaDWA:ﬂ4D03^á:^H0X4;P¬4<>Y0ÜJKAî968JTZpôx4~ï9CF687A:ò50MðX:<C8:a:ﬃ79JE¬\¬687AñR4~a;:ﬃï684V\¬:Y7A:ﬃ\
î|dÜa;WA:`aDWA2;:ﬃ:CF6FõÂa;687AñHEIïY:ﬃ2D03a;68EX794
4~ô}C86FõÂa 
=
L
7 

7
ò5ôCF6FõÂa  
=
L
7
ü  0379\
4~ô}C86FõÂa 
G+
7
ü 
)
Q JKAîA6nJZpô4;ïAC86F79:ò[0MðI:<C8:a\¬:ﬃJ<E¬\¬6F79ñá4~a;:ﬃï6840XñI0X6F7\¬:Y7A:ﬃ\.îdÜaDWA:6F7ðI:<24~:`EXï:<2;ô
0?a;68EX7Y456F72D:<ðX:ﬃ2D4;:EI2D\A:<2S
	AEX20O\¬:<aD0X6FC8:ﬃ\Ó\A:<2D6Fð?0?aD6FEI7öE3õaDWA:Zpôx4~ïAC8687A:RC86zõÂaD6F79ñÚ4DJWA:<^á:ÜaDW90?aòp:K94;:X> 0X4
òp:ﬃCFC0I4[õ§EX26FaD40X7903C8d¬4~6n4 4;^EEXa;WA7A:4;4ﬃ>A4~aD03î96FC86zajdI>A03ïAï92;EMø¬68^á03a;68EX7EX2\¬:<2>¬0379\ú<:ﬃ2;E
^EI^á:<7|aD4%>Aò[:`2;:<õ§:<25aDEû

>Yý¬>1.?þS
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh 
  QﬂíHSDçAí~æUT SéBè

  Y ë
TêVí í í~é³æ í 1è è9ì Ví 
÷5WA:áüﬃU 9CFa;:ﬃ2D45\¬:4;J<2;68îY:\Ü687RaDWA:ïA2D:<ð68EXK94[4~:J%aD6FEI7Üõ§EX2ïEXC8dñXEI794pJﬃ037îY:ñI:<7A:ﬃ2D0XCzô
6Fúﬃ:ﬃ\aDE

U39CFa;:ﬃ2D4õ§EX2Í^á:ﬃ4;WA:ﬃ4V2D:<ïA2D:ﬃ4;:<7|a;687AñHaD:<794;EX2;ôïA2;E¬\¬KYJ%aV4;KA2;õ0XJ:4îdJEI7|ðIE3ô
CFK¬aD6FEI7E3õ1aDWA:HüﬃU ^á0I4~P¬45687.a;WA:`ajò[EJ<EEX2\¬6F7Y0?a;:\¬682D:ﬃJ%aD6FEI794ﬃ>¬:XS ñ9S8>
& #
$
#(

#
$
#

5

#L #
$
#L
#
$ $
L #
$
#
L
#
$
#
L

) rý 
QÓ^á:ﬃ4;WTWA68:<2032JWdõ§EX21a;:<7Y4~EI2~ôïA2DE\AK9J%aÎ4;KA2;õ0XJ<:ﬃ4Jﬃ037Tî:³ñI:<7A:ﬃ2D03a;:ﬃ\ÍK94;687Añ |K90I\a;2D:<:
2;:ﬀ97A:<^á:ﬃ7IaS¬ZpdHKY4~687Añ
 
4~K9î\¬68ð684;68EX7R68794~a;:0X\ÜEXõÎ0 IKY0X\aD2;:ﬃ:ôî90X4;:ﬃ\Ü4DJWA:ﬃ^:I>Iò[:
W90MðX:[037ﬂ0I\A\¬6Fa;68EX790XCIC8:<ðI:<CE3õY2;:4~EICFK¬aD6FEI7-4;:<:54;:ﬃJEI79\ïA6nJ%aDKA2D:p687 	68ñXKA2D:ü %S 	AEI2a;WA6n4
0X\A\¬6Fa;68EX7Y03CC8:<ðI:<C}>Aòp:EI7AC8dR68794~:ﬃ2~a79:<ò ðX:<2;a;6nJ:40?aaDWA:J:ﬃ7|a;:<24  E3õ EXCn\õ0XJ:4	Y0?a
a;WA:^á6n\¬ïYEI6F7|a4 
 EXõÎEIC8\:ﬃ\¬ñI:ﬃ4ﬃ>ðX:<2;a;6nJ:4032D:V79E3a6F7Y4~:ﬃ2~aD:ﬃ\îY:<õ§EX2D:VaDWA:4~K9î94~: |KA:<7|a
4~KAîÀ\¬68ð684;6FEI7-4jaD:<ï r4~:ﬃ:a;W96F2\ïA6nJ%a;K92;:T687	68ñXKA2D:Üü SY÷5WK94ﬃ>9687EX2\¬:<2a;E0XïAïAC8dRaDWA:
ò[0MðI:<C8:aVC86FõÂa;687Añ.4DJWA:ﬃ^:ﬂa;E0
 
ô4;KAîÀ\¬6Fð6n4~68EX7ÚWA68:<2032JW|dI>9ò[:W90MðI:TaDE.0I\ jK94~aÍaDWA:
^á0I4~Pﬁý paDEa;WA:T4;:a;a;687AñÜ4~W9E?ò7687RaDWA:T4;:ﬃJEI79\ïA68Ja;KA2D:E3õ 	6FñIKA2D:üIS
,0MðI:<C8:aD4õ§EI2ñX:ﬃ7A:<203CA\¬68Cn0?a;68EX7á^H0?aD2;6nJ:4 òp:ﬃ2;:\¬6n4DJK94D4~:\î|dﬂù6F:ﬃ^á:<794DJWA7A:ﬃ68\¬:ﬃ2
0379\ WA:ﬃ7û

<?þ³òWAEK94;:ﬃ\,0îEMøô4;ïAC86F79:á0XïAïA2DEI0IJWS_`E?ð?0J:ﬃð|6	JT0X79\Ú@:a~aD:<2DCF6Vûzü /þ
0379\Æ>M^áEX2D:B2D:ﬃJ<:<7|a;C8dX>d|a;a;:<2DWAE:<ðI:<7Rû . >?þ¬0X79\T_`E?ð?0J:<ð6J 0379\ òp:ﬃC8\A:<7945ûFüﬀ.?þA\¬:ﬃðX:<CFô
EXï:ﬃ\áC86zõÂaD6F7Añﬂ4;JWA:ﬃ^á:ﬃ4a;WY0?apJﬃ037áîY:V03ïAïAC868:ﬃ\a;E
Ô


ôx4~K9î\¬68ð684;68EX7á^á:ﬃ4;WHWA6F:ﬃ2D0X2DJW96F:4<S
d|a~aD:<2DWAE:<ðX:ﬃ7ó 4^á:aDWAE¬\-EI7ACFd0I\A\¬2D:ﬃ4D4~:4a;W9:ajò[E3ôx\¬68^:ﬃ794;6FEI7903CJ<0X4;:X>À_`E?ð?0J<:<ð6J
0379\ òp:ﬃC8\A:<794ﬃó?03ïAïA2DEI0IJW\¬:03Cn4Îò6Fa;Wﬂa;W9:pajò[E3ôÆ037Y\a;W92;:ﬃ:ôx\¬6F^á:ﬃ794~68EX7Y03CJ<0X4;:ﬃ4ﬃS?÷5WA:
9CzaD:<24K94;:ﬃ\Ñ687âûzü.?þ §a;W903aﬂ\¬E-7AEXa\¬:<ñI:<7A:ﬃ2D03a;:áaDEa;WA:Ü6n\¬:ﬃ7IaD6zajd10X2;:á7AEXa790X2;2DE?ò
:<7AEIKAñXWHõ§EI2pEIKA2[ïAKA2DïYE|4~:4<SÚ:`\¬:ﬃ2;68ðX:7Y032D2;E?òàZpô4;ïAC86F79:ò50MðX:<C8:apCF6FõÂa;687Añ 9CzaD:<24Bõ§EI2
 
ô4;KAîÀ\¬68ð|6n4;6FEI7WA68:<2032JWA68:ﬃ45037Y\RCn0?aD:<2\¬:4;J<2;68îY:ÍaDWA:<682ñX:ﬃ7A:<203C868úﬃ0?aD6FEI7S
	AEX2:<7YJE¬\¬687AñÚò6Fa;W C86F7A:032áZpô4;ïAC86F7A:.ò50MðX:<C8:a4<>Îa;W9:ò5ôCF6FõÂaHEXï:<20?aD6FEI7Ó684á:<ø¬:ô
JK¬aD:ﬃ\92D4~aﬃSÀbx7,0


ôx4;KAî\A6Fð6n4~68EX7-W96F:ﬃ2D0X2DJWdX>ò[:ﬂW90MðI:7AE\A03aD0Üð?0XCFKA:4`0MðM0X6FCn03î9CF:
0?a³aDWA:ÍïYE|4~6Fa;68EX794 
 4;:<:aDWA682D\RïA68Ja;KA2D:EXõ 	6FñIKA2D:ü S9¬6F79J<:aDWA:Í^á0I4~P'rý 2D:|KA682D:ﬃ4
\A0?a00?aa;W9:ïYE|4~6Fa;68EX7Y4 
 >Xò[:JEI^ï9K¬a;:aDWA:<^ îdC86F79:ﬃ032DC8dT6F7|aD:<2DïYEIC803a;687Añ`a;WA:ð?0XCFKA:4
0?a a;WA:ðI:<2;a;6nJ:4S3/687A:ﬃ0X2687|a;:ﬃ2;ïEXCn0?aD6FEI7ﬂ6n403ïAï92;EIïA2;6n0?aD:X>M4~6879J<:[ò[:032D:pKY4~687Añ`CF687A:032
ò[0MðI:<C8:aD4ﬃS¬÷5WA6n403ïAï92;E|0XJWRJW90X7AñX:4[^á0I4~Pﬁý paDE
ò5ô}C86zõÂa
F
 #
7%$
 ﬂ


#L  #
$
#L  #
$
$
L
#L  #
$
#L  #
$


)
 .
$:øa><aDWA:p4~ô}C86FõÂaÎEXï:<20?aD6FEI76841:ø¬:ﬃJ<K¬a;:\ÆSMQñI0X6F71><ò[:BW90MðX:Ba;E\¬:<a;:ﬃ2;^á687A:p\A03aD0ð?0XCFKA:4
0?a[a;WA:ÍïYE|4~6Fa;68EX7Y4 
 S¬]E?òp:ﬃðX:<2>3aDWA:Íò5ô}C86zõÂa5EXï:<20?aD6FEI7ÜW90I4 §a;WA:ﬃEX2D:a;6nJ<0XCFC8d1:<ø:JK¬aD:ﬃ\
üﬃU ^á0I4~P¬4Ba;ETKAïÀ\A03a;:aDWA:ð?0XCFKA:4p03aBa;W9:ïEI4;6zaD6FEI794 
 S96879J<:ò[:0X4D4~K9^:\áa;WY0?a³aDWA:
ðM0XCFK9:ﬃ4³03aa;WA:ðX:<2;a;6nJ:4 
 ò[:<2D:CF687A:032B687|a;:<2DïEXCn0?a;68EX7Y4 E3õÀa;WA:Vð?03C8KA:ﬃ4B03aBa;W9:ðX:ﬃ2~aD68J<:ﬃ4
>AaDWA:Tð?03C8KA:40?aa;WA:TðI:<2;a;6nJ:4 
 ð?037A6n4;W.îd.:ø¬:ﬃJ<K¬a;687AñHaDWA:ÜüU ^H0X4;P¬4<S9÷5W9:^H0X4;P
õ§EX25a;W9:T4jôCF6FõÂa:<7YJE¬\¬687AñH4jaD:<ïîY:JEI^:4
»
¶
skjw
¶
yh|wxghgDi³sﬃÂ­
4~ôCF6FõÂa  F    ﬁ#
7%$
 ﬂ

#|L #L
$
L
#|L #L

)  /+
	AEX2\A:ﬃJE¬\¬687AñHò6Fa;WC86F79:ﬃ032VZ³ôx4;ïACF687A:`ò50MðX:<C8:a4<>¬ò[: 924ja:<ø¬:ﬃJKAa;:`a;W9:4jôC86zõÂaEIï¬ô
:<20?a;68EX71SG³2;68EX2aDEÚ:<ø¬:ﬃJKAa;687Añ-aDWA:.4~ôCF6FõÂa:ﬃ79JE¬\¬687AñÚEXï:<20?a;68EX71>1aDWA:ð?0XCFKA:4ﬂ03aﬂaDWA:
ðX:<2;a;6nJ:4 
 W90MðX:Vð?037A6n4~W9:ﬃ\Æ>îAK¬a[a;W9:`4~ôCF6FõÂa[:ﬃ79JE¬\¬687AñﬂEXï:<20?a;68EX7ﬁÂa;W9:<EX2D:aD68Jﬃ03C8CFd1B:øô
:ﬃJKAa;:ﬃ\a;W9:ÍüU^H0X4;P`a;EÍKAï\90?a;:[aDWA:5ðX:<2;a;6nJ:4 
 S3]:ﬃ79J:I>Ma;WA:5ð?03C8KA:ﬃ4 03aaDWA:5ðX:ﬃ2~aD68J<:ﬃ4

 0X2;:ﬂñX68ðX:<7Oî|dC8687A:ﬃ0X2V687|a;:<2DïEXCn0?a;68EX7OE3õBaDWA:áðM0XCFK9:ﬃ4Í0?aÍa;WA:á7A:ﬃ6FñIW|îEX2ÍðX:ﬃ2~aD68J<:ﬃ4  >
^KACFa;68ïAC86F:\Üîda;WA:õ0XJ%aDEX2

#E3õÆaDWA:üU ^H0X4;PÀS ,:2D:<7Y03^á:a;W9:õ0IJ%a;EI2 #ﬂa;E #á0379\
EXî¬a03687RaDWA:7A:<ò ^H0X4;P
4jôC86zõÂa     ﬁ#
7%$
 ﬂ

#|L 

# #
$
#L 

##
$
$
L
# L 

# #
$
# L 

##
$

)  ; 
	Î68790XCFC8dX>¬aDWA:Tò5ôCF6FõÂaEXï:<20?aD6FEI76n4:<ø:JK¬aD:ﬃ\0XñI03687SA÷5WA:T4~ôCF6FõÂa\¬:ﬃJ<E¬\¬6F79ñHEXï:<20?a;68EX7
W90X4 ÂaDWA:<EI2;:<a;6nJ<03C8C8d8V03ï9ïACF68:ﬃ\Ú0-üU ^H0I4~P03ñ|03687a;E.KAïÀ\A0?aD:aDWA:ðX:<2;a;6nJ:4 
 S 6F7YJ:
a;WA:ÑüﬃU 4~ô}C86FõÂaá\¬:JE¬\¬687Añ,^á0I4~PÑ6n4ﬂa;WA:687|ðI:<24~:E3õüU 4jôCF6FõÂaá:<79J<E\A6F7Añ,^H0X4;PÀ>ÎaDWA:
ðM0XCFK9:ﬃ40?aa;WA:ðX:<2;a;6nJ:4 
 032D:ÜaDWA:4D03^á:0I4î:õ§EI2;:a;W9:R:ø¬:JK¬aD6FEI7ÒE3õaDWA:ﬃ4;:ajòpE
4jôCF6FõÂaEXï:<20?aD6FEI794ﬃ>|6}S~:ISF>Aa;WA:ﬃdRð?037A6n4;W>¬CF:0X\¬687Aña;EáaDWA:7A:ﬃò ^H0X4;P
ò5ôC86zõÂa

 

ﬁ#
7%$
 ﬂ


#|L #L
$
L
#|L #L


)
 0 
pEX794;68\A:<2D6F7AñÜJ<KAîA6nJTZpô4;ïAC86F79:ò50MðX:<C8:a4<>aDWA:^H0I4~P¬4Jﬃ037î:ﬂ\¬:ﬃ2;68ðX:\4~68^á6FCn032DC8dXS
÷5WA:ÍJ<KAîA6nJVZpôx4~ï9CF687A:Íò[0MðI:<C8:a³C86zõÂaD6F79ñá4DJWA:ﬃ^:V:ø¬:ﬃJ<K¬a;:4[EX7A:Í^áEX2D:V4~ô}C86zõÂa5EXï:<20?aD6FEI7S
	AEX2:<øA03^áïAC8:X>õ§EX2:ﬃ79JE¬\¬687AñHEI7A:J<037\¬:ﬃ2;68ðX:Ía;W9: 92D4~a4jôC86zõÂa^H0X4;P
4jôC86zõÂa

F

=
ﬁ#
7%$
 ﬂ







L
#|L #L

L
$
L 

#
$

L
#|L #L

L






7
òWA6FC8:BaDWA:[E3a;W9:<2ajò[E:ﬃ79JE¬\¬687Añ^H0I4~P¬410X2;:Ba;WA:[4;0X^:p0X41a;WA:pCF687A:ﬃ0X21:ﬃ79JE¬\¬687Añ^H0I4~P¬4
 .50X79\  /+S
ëè S ì 
bx7-	6FñIKA2;: <A>|òp:ïA2;E?ð6n\¬:0X7Ü:øA03^áïAC8:õ§EI2p0
 
ô4;KAîÀ\¬68ð|6n4;6FEI7HWA6F:ﬃ2D0X2DJWdJEX^ﬂîA687A:ﬃ\
ò6zaDW

UÐò50MðX:ﬃCF:<a9CFa;:ﬃ2D4ﬃS?÷5WA:[EX2D6FñI6F790XC|4;KA2;õ0XJ<:p4;WAE?ò7687 	68ñXKA2D: < 02D:ﬃ4;KACFaD41õ§2;EI^
4;0X^ï9CF687Añ0

U
	`03K94D4~6n037áõ§K979J%aD6FEI7R0?a&; .
L
ðX:<2;a;6nJ:4<S|÷5WA:V4;KA2;õ0XJ<:684p:<7YJE¬\¬:ﬃ\R0379\
\¬:ﬃJ<E\A:ﬃ\O0XñI0X6F7SYbx7ﬁ	68ñXKA2D: < §î >ò[:ﬂ4;WAE?ò 0JEI0X2D4;:TC8:<ðI:<CE3õp\¬:<aD0X6FC EXîAaD03687A:\îd
03ïAïAC8d6F79ñ


ôx4~KAîÀ\¬68ð684;6FEI7Hò[0MðI:<C8:a4 9CFa;:<24ﬃSXbx7-	68ñXKA2D: < rJ³0379\'r\ %>ò[:4~W9E?òÐaDWA:
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh 
4;0X^:VCF:ﬃðX:ﬃCYEXõ1\¬:a0368CYEIî¬aD0X6F7A:\HòWA:ﬃ7R:ﬃ4~aD0XîAC8684;WA687AñTaDWA:
 
ôx4;KAî\A6Fð6n4~68EX7ÜW96F:ﬃ2D0X2DJWd
K94~687Añ\¬E?ò794D03^áïAC86F79ñ9CFa;:ﬃ2D4Íî90I4~:\-EX7ÚîA68CF687A:ﬃ0X20379\OîA68J<KAîA6nJáZ³ôx4;ïACF687A:ﬂò[0MðI:<C8:aD4ﬃ>
2;:4~ï:ﬃJa;68ðX:<C8dXS
   
   	

ﬀ
Ê9Ê
§sÖ wx|¹A{XyŁXywxymhwxIkxlnsﬃvgw ÎÂ¹¬³gh|vm3{Xg%{.s<h{R{IgvDm3{Ig%{R¹3.Ö wx|¹A{XyzŁ3ywxymh
· s%ŁMggDijw ÀÂv%¹3¹Iyzyh|gs<kpßÎwx|yh|g5· sŁggDijw ¬s<h{§{|¹?ﬂ¹Iyv|¹Iyzvß1rwxIyzhIg5·s%ŁMggDijw­
bx7 	68ñXKA2D: < î %>ﬃEXîð6FEIK94ÀE?ðX:ﬃ2~ôA0X79\ÍKA79\¬:ﬃ2D4;WAEE3a4J<0XK94~:\îda;WA:


ô4;KAîÀ\¬6Fð6n4~68EX7
ò[0MðI:<C8:a 9CzaD:<24J<0X7î:2;:JEIñX7A68ú<:\ÆS VðX:<2;ô0379\KA79\¬:ﬃ2D4;WAEE3a4032D:Í\A684~a;KA2DîA687AñH\¬KA2;ô
6F7AñÐð684;K903C868úﬃ0?aD6FEI7>Bõ§EI2:<øA03^áïAC8:X>[òWA:<7 :øa;20XJa;687AñÓ6n4~E¬JEI7|a;EXK92D4Üõ§2;EI^ \A6
À:<2D:<7|a
CF:ﬃðX:<Cn4`E3õ503ïAï92;EMø¬68^á03a;68EX7SÀ÷5WA:ﬃdÚJ<0X7,Jﬃ03K94;:áJW9037AñI:ﬃ4ÍE3õJEI7|a;EXK92VaDEXïEXC8EXñIdòWA:<7
JW9037AñI6F79ñTa;W9:VC8:<ðI:<CÀE3õ12D:ﬃ4;EXC8K¬aD6FEI7S ,:`òpEIKACn\ÜC86FPI:a;EïA2D:ﬃ4;:<2DðX:a;EXïEXC8EXñIdH0X4p^K9JW
0X45ïEI4D4~68îAC8:ÍòW9:<7JW90379ñX687Añ0XïAïA2DEMø¬6F^H0?aD6FEI7RC8:<ðI:<Cn4<S
bx7ﬁ	6FñIKA2D: < r\ %>ÀC8:ﬃ4D4ÍïA2;EI7AEXK979J:\E?ðX:ﬃ2~ôp0X79\-K979\¬:<24;WAEE3aÍJﬃ037ÚîY:á4~:ﬃ:<7ÚòWA:<7
K94~687AñVîA68J<KAîA6nJ³Zpôx4~ïAC8687A:³ò50MðX:ﬃCF:<a 9CzaD:<24<S V7AC8d`îA6FC8687A:ﬃ0X2ÎZpô4;ïAC86F79:³ò50MðX:<C8:a YCzaD:<241:ﬃ7¬ô
4~KA2D:7AEﬂE?ðX:ﬃ2~ôÎ0X79\HKA7Y\¬:<24~W9E|EXaD4ﬃ>I4;:<: 	Î68ñXK92;: < J %>4~6879J:VCF687A:032pZpôx4~ï9CF687A:ò50MðX:ﬃCF:<aD4
W90MðX:Ü687|a;:ﬃ2;ïEXCn0?aD6F7Añ,4;Jﬃ03C86F79ñõ§KA79Ja;68EX794ﬃ> òWA68JWÒñXK90X2D0X7IaD:<:46F7|aD:<2DïYEIC803a;687AñO2D:979:ô
^:ﬃ7|a,9CzaD:<24ûzü.?þS
NEX2D:<E?ðI:<2>Æa;WA:.Cn0X4~a4;:ﬃJ%aD6FEI7Ð4;WAE?ò[:ﬃ\,a;WY0?aáCF6FõÂa;687Añ 9CFa;:<24õ§EX2CF687A:ﬃ0X2Zpôx4~ï9CF687A:
ò[0MðI:<C8:apò[:<2D:`0X4[79032D2DE?ò0I4pa;WA:ﬃdRJ<0X7Rî:X>¬òWA:ﬃ2;:0X4[4~EI^:ÍE3õÎa;WA:`C86zõÂaD6F79ñ YCzaD:<24³õ§EI2
JKAîA6nJ³Zpôx4~ï9CF687A:Bò50MðX:ﬃCF:<aD40X2;:BCn032DñX:ﬃ2ﬃSﬃ÷5WA:ﬃ4;:³\¬20Mòî90XJP¬4ÆEXõAJKAîA6nJ³Zpôx4~ï9CF687A:³ò50MðX:ﬃCF:<aD4
CF:\áa;Eﬂa;WA:Í\¬:ﬃJ<684;68EX7HaDETõ§E¬JK94[EI7ÜCF687A:032pZpôx4~ï9CF687A:ò50MðX:ﬃCF:<aD4³òWA:<7ÜñI:<7A:ﬃ2D0XCF68ú<687AñaDWA:
4;JWA:ﬃ^á:ﬃ4[a;EáWA68ñXW9:<2\¬68^á:<794;6FEI794ﬃS
	AEX2ï92;EIñX2D:ﬃ4D4~68ðX:Tð6n4~KY03C86Fú0?a;68EX71>Æ6rS;:XSÆòWA:ﬃ7,ñI:<7A:ﬃ2D03a;687Añ.6F^H03ñI:ﬃ4`ïA2DEXñI2;:4;4;68ðX:<C8dX>
a;WA:4~a;EX203ñI:BE3õð?03C8KA:ﬃ4J<0X7î:[2D:<EI2;ñ|037A68ú<:\0X4 4;WAE?ò7687 	68ñXKA2D: 2õ§EX2aDWA2;:ﬃ:[4;K9JﬃJ:ﬃ4~ô
4~68ðX:C8:<ðI:<Cn4E3õ2D:ﬃ4;EXC8K¬a;68EX71S9GB2DEXñI2;:4;4;6FðI:Vð6n4~KY03C86Fú0?a;68EX74~aD0X2~a4îdK94;687AñHa;W9:TKAïAï:<2;ô
CF:<õÂa³îAC8EJP6F7a;W9:2;68ñXW|aïA6nJ%aDKA2;:I>?a;W9:<7Ü0X\9\¬6F79ñVaDWA:KAï9ïY:ﬃ2~ô2;68ñXW|aîAC8E¬JP>30X79\Æ> Y7903C8CFdI>
0X\A\¬687AñRa;WA:ﬂCFE?ò[:<2VîACFE¬JPÀSÀù:<EI2D\¬:ﬃ2;687AñÜ:ﬃ794;KA2;:4aDW90?a\A0?a0ÜJ<0X7-î:ﬂ2D:ﬃ0I\6F7,0RJEI7¬ô
%
¶
skjw
¶
yh|wxghgDi³sﬃÂ­
a;687|K9EXK94Ü4~a;2D:ﬃ0X^ ò6Fa;WAEIK¬a2D:ﬃ0I\¬687Añö\A0?a0Ñ^KACFa;68ïAC8:-a;68^á:ﬃ4ﬃSpNEI2;:ﬃE?ðX:ﬃ2ﬃ>a;W9:'9ñXK92;:
6FC8CFKY4jaD2D03a;:ﬃ4[aDW90?aaDWA:ò50MðX:<C8:a4DJWA:<^á:\¬E:ﬃ457AEXa2;: |KA6F2D:0X\A\A6zaD6FEI7903C4~a;EI2D0XñX:XS
reorder reorder
progressive
visualization
progressive
visualization
ﬀ
Ê 9Ê
gm<k~{IgDkjyhIt{|si~sVlnm<k[XkjmtﬃkjgDwxwxyzŁgŁXywx|sﬃy×%s<ijymh9­

QﬂíHSDçAí~æUT SéBè

  Y |ë
Têíííjé³æ íè è9ì í  
bx7O0 
 
ôx4~K9î\¬68ð684;68EX7WA68:<2032JWdX>¬aDWA2;:ﬃ:\¬6:ﬃ2;:ﬃ7|aVP6F7Y\A4EXõïYEICFdñXEI7903CÎ4~W90XïY:4V0Xï¬ô
ïY:032>ﬃ4;:<: 	68ñXKA2D: .YS÷5WA:ﬃ2;:<õ§EX2D:X>%aDWA2D:<:p\A6
À:<2D:<7|aÎP6879\A4ÎE3õA^H0X4;P¬4W90MðI: a;EVîY:5\¬:Y7A:ﬃ\
õ§EX2áa;W9:CF6FõÂa;687Añ 9CFa;:ﬃ2D4ﬃS 	AEI2á\A:<2D6Fð687Añ,a;WA:4~:^H0X4;P¬4áî90X4;:ﬃ\ÐEX7Ða;2D6FC8687A:ﬃ0X2áZpôx4~ï9CF687A:
ò[0MðI:<C8:aD4ﬃ>Xò[:V4~aD0X2~a[ò6zaDWÜaDWA:Í4;6Fa;K903a;68EX74;WAE?ò7H687ÜaDWA:Í4;:ﬃJ<EX79\ÜïA68Ja;KA2D:ÍE3õ	6FñIKA2D:Vý
 MOUﬂ
	 K 
ﬂNK %>?ï92;E¬J:ﬃ:ﬃ\ò6Fa;Wﬂa;W9:[4;6zaDK90?aD6FEI7ﬂ4;WAE?ò7T687aDWA:pa;WA682D\ïA6nJ%a;K92;:[E3õ 	Î68ñXK92;:
ý    K 
  K*>1037Y\Y7903C8CFd-a;2D:ﬃ0?a`aDWA:Ü4~6Fa;KY0?a;68EX7Ñ4;WAE?ò7Ú687,a;WA:áõ§EIKA2;a;W,ïA68Ja;KA2D:HE3õ
	Î68ñXK92;:ý- K W K 
  K %>òWA6nJWH684³a;EIïYEICFEIñX6nJ<03C8C8d:|KA68ð?03C8:<7|aBaDEa;WA:Í4~6Fa;KY0?a;68EX74~WAE?ò7
6F7.a;W9: 92D4~aïA6nJ%a;K92;:EXõ	6FñIKA2D:`ý9S
 ﬁﬀQ J<EX7ðXEICFK¬aD6FEI7áE3õBüﬃU ^H0X4;P¬4B687Üa;W9:a;W92;:ﬃ:VJEEI2D\¬687903a;:\¬682D:ﬃJ%aD6FEI794
CF:0X\A4ÍaDE-0ñI:<7A:ﬃ2D0XCF68úﬃ03a;68EX7ÚE3õ5^á0I4~P ý VaDE-0ýXU ^H0X4;PÀ>ÆòWA6nJWÑJﬃ037,îY:RK94~:\-õ§EI2
^:4~WÑWA68:<2032JWA68:ﬃ4Vî90X4;:ﬃ\,EI7ÚE¬J%aD2;:ﬃ:á2;:ﬀ97A:<^á:ﬃ7IaSÆbx7,a;WA:Ü4;6zaDK90?aD6FEI7ö4~WAE?ò7,687ÚaDWA:
4~:JEX7Y\HïA6nJ%a;K92;:ÍE3õ	68ñXKA2D:Vý9>|ò[:WY0MðX:7AEá\A03aD0Tð?0XCFKA:4p0Mð?0X6FCn03îAC8:03apaDWA:VðI:<2;a;6nJ:4 

0379\  r4~:ﬃ:`õ§EXKA2;a;W.ïA6nJ%aDKA2;:EXõ	68ñXKA2D:ý %S
QñI0X6F71>9ò[:T0X4D4~KA^á:aDW90?aVa;WA:ðM0XCFK9:ﬂ0?aÍ0HðX:ﬃ2~aD:ø 
 684V\¬:979:ﬃ\îd.CF687A:ﬃ0X2687|a;:<2;ô
ïYEIC803a;68EX7-EXõa;WA:ð?03C8KA:ﬃ4Í0?aVa;WA:ﬂajòpERðX:<2;a;6nJ:4  §ò6Fa;WOòW968JWaDWA:ðX:<2;a;:<ø 
 4~WY032D:ﬃ4
037á:ﬃ\¬ñI: >I037Y\aDW90?a³a;WA:ð?0XCFKA:V0?a³0ðI:<2;a;:ø  6n4B\¬:ﬀ97A:\áî|dîA68CF687A:032B687|a;:<2DïEXCn0?a;68EX7
E3õa;W9:ð?03C8KA:ﬃ4Í0?aVa;WA:õ§EXKA2VðX:ﬃ2~aD68J<:ﬃ4  §ò6Fa;WÚòWA68JWaDWA:ðX:<2;a;:<ø  4;W90X2;:40Hõ0IJ: S
V7A:`EXî¬a0368794[a;WA:^H0I4~PÜò5ôC86zõÂa
F
 #
7%$
%>AòWA6nJWJ<037.î:T\¬:<ïA6nJ%aD:ﬃ\0X4
b3
_3
2
_
4
3a +3 2 2a b+ ab
­
÷5WA:`üﬃUà037Y\

U^H0X4;P4õ§EI2KAïÀ\A0?aD6F7AñÍaDWA:ðX:ﬃ2~aD68J<:ﬃ4 
 0379\  0X2;:[EX79CFd  D03ïAï9CF68:ﬃ\
a;WA:ﬃEX2D:a;6nJ<0XCFC8dXS á]E?ò[:<ðI:<2>4;6879J:`aDWA:ð?03C8KA:ﬃ403a5a;WA:TðI:<2;a;6nJ:4 
 0X2;:0I4;4;KA^á:ﬃ\a;Eáî:
CF687A:ﬃ0X2`6F7|a;:ﬃ2;ïEXCn0?aD6FEI794ÍE3õpa;WA:áð?03C8KA:ﬃ403aVaDWA:HðX:ﬃ2~aD68J<:ﬃ4 >0X79\Ú4;6879J:ﬂa;WA:Hð?0XCFKA:4`0?a
a;WA:TðI:<2;a;6nJ:4  032D:T0X4D4~KA^á:\.a;EÜî:TîA68CF687A:032687|a;:ﬃ2;ïEXCn0?aD6FEI794E3õ aDWA:Tð?03C8KA:ﬃ4V0?aaDWA:
ðX:<2;a;6nJ:4 |>¬aDWA:ð?03C8KA:ﬃ403a[aDWA:ðX:ﬃ2~aD68J<:ﬃ4 
 037Y\  ð?037A6n4~W1S
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh %¼
÷5WA:<2D:õ§EI2;:I>3a;W9:^H0X4;Põ§EI2³aDWA:`4jôCF6FõÂap:ﬃ79JE¬\¬687AñﬂEXï:<20?a;68EX7H2D:ﬃ\AK9J:4a;Ea;WA:Í^H0X4;P
4jôCF6FõÂa  F   ﬁ#
7%$
ﬂ
b3
a3
­
	AEX2Va;W9:á\A:ﬃJE¬\¬687AñY>Yò[:Jﬃ037-ï92;E¬J:ﬃ:ﬃ\687-aDWA:H4;0X^á:ò50Md r0379\Ú03790XCFEIñXEXKY4~C8dRaDERaDWA:

U Jﬃ0X4;: [0379\.\¬:ﬃ2;68ðX:Ía;W9:^á0I4~P4jôCF6FõÂa      ﬁ#
7
$
 ﬂ
b3
a +  3 2 2 23 3
__
aa b+ a ab

òWA:<2D: #Ò6n4HaDWA:OïY03203^á:aD:<2 #Òõ§2;EI^ aDWA:O4~ô}C86zõÂa:<79J<E\A6F7AñÒ^á0I4~PÀ>³0X79\ a;W9:O^H0X4;P
ò5ô}C86zõÂa



#
7%$
ﬂ
b3
a
3
­
÷5WA:ﬃ4;:ýXU ^H0X4;P¬4032D:Í0I4579032D2DE?ò 0X4[aDWA:<dRJﬃ037î:XS
   ﬀbx7ÑaDWA:H7A:øa



ô4;KAîÀ\¬6Fð6n4~68EX7Ñ4~a;:<ï1>1ò[:HW90MðX:a;E-\A:ﬃ03C³ò6zaDWÚaDWA:R4;6za;ô
K90?aD6FEI7Ò4~W9E?ò7ö6F7Òa;WA:Ra;WA682D\ÒïA6nJ%a;K92;:E3õ 	6FñIKA2D:ýAS,:RW90MðI:Ha;EÚ:<794;KA2D:Üa;WY0?aﬂò[:
\¬EH7AE3aVð|68EXCn0?aD:`a;WA:ﬂ0X4D4~KA^áï¬aD6FEI794^H0X\A:`õ§EX2aDWA:TðXEICFK9^:TJﬃ0X4;:XS1,:0I4;4;KA^á:ﬃ\a;WY0?a
a;WA:Üð?0XCFKA:4T0?aaDWA:ÜðI:<2;a;6nJ:ﬃ4  032D:áîA68CF687A:ﬃ0X2T687IaD:<2DïYEIC803a;68EX794`EXõ5a;WA:Hð?03C8KA:4T0?aTaDWA:
7A:<68ñXWîEX2TðI:<2;a;6nJ:ﬃ4 |S ÷5W|KY4<>ÎòWA:<7ÑaDWA:Rð?03C8KA:40?aa;WA:ðX:<2;a;6nJ:4  032D:Ü0Mð?0368C80XîAC8:X>
a;WA:ﬃ6F2ð?03C8KA:4[4;WAEIKAC8\î:`J<EX^áïAK¬aD:ﬃ\.EX79CFdáõ§2DEX^ aDWA:`ð?03C8KA:ﬃ450?a5aDWA:ðX:ﬃ2~aD68J<:ﬃ4 SA÷5WA6n4
6F794;68ñXW|aBCF:0MðX:4 K94Bò6Fa;WáaDWA:

U J<0I4~:I>X0379\ò[:J<0X7Ü03ïAïAC8dTaDWA:

Uâ^H0X4;P¬4 E3õ:ﬃJa;68EX7
/¬S
ﬁ  ﬀ8àWA:<7Ü0XïAïAC8d|687AñC86F79:ﬃ032pZ³ôx4;ïACF687A:ò50MðX:ﬃCF:<a :ﬃ79JE¬\¬687AñaDE`a;WA:V4~6Fa;K903a;68EX7
6FC8CFKY4jaD2D03a;:ﬃ\á687HaDWA:õ§EIKA2~aDWÜïA6nJ%aDKA2;:E3õ	6FñIKA2D:ýA>Iòp:^ﬂK94~a³7AE3a[ð6FEIC803a;:aDWA:V0I4;4;KA^áï¬ô
a;68EX7Úa;W903aÍaDWA:áð?03C8KA:ﬃ403aÍaDWA:áðX:ﬃ2~aD68J<:ﬃ4 
 0X2;:C86F7A:032`687IaD:<2DïYEIC803a;68EX794ÍEXõ³a;W9:ð?0XCFKA:4
0?a`a;WA:H79:<68ñXWîYEI2ðX:ﬃ2~aD68J<:ﬃ4 S àWA:ﬃ7,a;WA:Hð?03C8KA:40?a`a;WA:HðI:<2;a;6nJ:4 
 0X2;:á0Mð?0368C80XîAC8:X>
a;WA:ﬃ6F2`ð?03C8KA:ﬃ4Í^ﬂK94jaî:HJEX^áïAKAa;:ﬃ\OEX7AC8dõ§2DEX^ a;W9:ð?0XCFKA:4`0?aÍa;WA:áðX:ﬃ2~aD68J<:ﬃ4 |S÷5WA6n4
õ0XJ%apCF:0MðX:ﬃ4BK94Bò6Fa;WHaDWA:EI7A:ôx\¬68^:ﬃ794;6FEI7903C9Jﬃ0X4;:X>|0379\áò[:J<0X7Ü03ïAïAC8dﬂa;WA:ﬂüﬃUâ^H0I4~P¬4
E3õ :ﬃJa;68EX7 .9S
àWA6FC8:6F7 ûFüﬀ.?þ0X79\ û . >MþaDWA:îYEIKA79\A0X2;dÓJﬃ0X4;:ﬃ4õ§EX2áaDWA:7AEX7¬ôx4;:<ï90X2D0XîACF:9CzaD:<24
032D:Ü7AE3a0X\A\¬2D:ﬃ4D4;:ﬃ\Ñ4~K1%HJ<6F:ﬃ7|a;C8dX>Îa;WA:Rõ0XJ:0379\Ñ:\¬ñX:RJﬃ0X4;:ﬃ4E3õEXKA24;JW9:<^á:RJE?ðI:<2
790?aDKA2D0XCFC8dÜîEXKA7Y\A032DdHõ0XJ<:ﬃ40X79\RîEXK979\A032DdÜ:\¬ñX:45E3õ1aDWA:T\¬EI^á0X6F71S
Dº
¶
skjw
¶
yh|wxghgDi³sﬃÂ­
 Oé ~ë  ê ç
Ú:5K94;:pEIKA2a;:JWA7A6?IK9:ﬃ4õ§EX24DJ68:<7|a;6YJpð684;K903C868úﬃ0?aD6FEI7EXõ9ðXEICFKA^á:5\A0?a0AS ,:5J<EX^áï90X2;:
a;WA:2D:ﬃ4;KACFaD4HEIî¬aD0X6F7A:\Òîd 03ïAïAC8d6F79ñÑ0 
 
ô4;KAîÀ\¬6Fð6n4~68EX7 ^K9CzaD6F2D:ﬃ4;EXC8K¬a;68EX74DJWA:<^á:
ò6zaDWﬂ037Y\ò6zaDWAEXKAa03ï9ïACFd687AñaD2;68C86F7A:032Z³ôx4;ïACF687A:pò[0MðI:<C8:a 9CFa;:ﬃ2D4õ§EX2 \¬E?ò794D03^áïAC86F79ñ9S
6F7YJ:ò[:ò[0X7IaHaDEÓ4~W9E?ò WAE?ò$EXKA2Hò50MðX:ﬃCF:<aD4á68^áïA2;E?ðI:6F^H03ñI:'IKY03C86zajd 0?aR0ÑC8E?ò
2;:4~EICFK¬aD6FEI7>A03C8CÆ:øA0X^ï9CF:4032D:VïA2DE?ð68\A:ﬃ\.0?a0HJE|0324~:VCF:ﬃðX:<C1E3õÎ2D:ﬃ4;EXC8K¬aD6FEI7S
VKA2924~a:øA03^áïAC8:\90?aD0O4~:<aﬂ6n4TE3õ0OWKA^H037öîA203687Ò\A03aD0-4;:aSÎba684ﬂñX68ðX:ﬃ7Ó0X4
0 /3ýá4;CF6nJ:4<>A0X79\.:ﬃ0IJW4;C868J<:W90X40á2D:ﬃ4;EXC8K¬a;68EX7.E3õ5ü>/ >!20 >ïEX687|aD4ﬃ>AòWA:<2D:

.Xô}î96za
ù 	`ZpôxJEICFEI2Î687¬õ§EX2D^H0?aD6FEI7ﬂ6n44jaDEX2D:ﬃ\ÆS?÷5WA:5EI2;68ñX687903C¬\A03aD0`4;:aò[0I4ïA2;:ﬃïA2DEJ<:ﬃ4D4~:\ò6Fa;W
0H4~:ﬃñX^á:<7|aD03a;68EX7.03C8ñXEX2D6Fa;WA^ \A:ﬃ4DJ2D6Fî:ﬃ\.687Ñû ý+<?þa;EH:ﬃCF68^á6F7903a;:7AEI684;:XS Ú:ñI:<7A:ﬃ2D03a;:ﬃ\
0^á:ﬃ4;WRW96F:ﬃ2D0X2DJWdáî90X4;:ﬃ\REX7
 
4;KAî\A6Fð6n4~68EX7.0379\.03ïAï9CF68:ﬃ\Üa;WA:Ía;2D68CF687A:ﬃ0X2[Zpôx4~ï9CF687A:
ò[0MðI:<C8:a 9CzaD:<245a;Eá:0XJWJEXC8EX2JW90X7A7A:ﬃCÆ6F79\A:<ï:<79\¬:ﬃ7|a;C8dXS
6F7YJ:aDWA:\A03aD0áò50X45aDE|ERC80X2;ñI:VaDEÜî:4jaDEX2D:ﬃ\.687^á0X6F7^á:ﬃ^EI2;dI>Aò[:K94~:\EXK¬a;ô
E3õÂôxJEX2D:TaD:ﬃJWA796(|KA:4<SUVKA:a;E.a;W9:7Y032D2;E?ò ^H0X4;P¬4VEXõpEIKA2`CF6FõÂa;687Añ4;JW9:<^á:X>Æ0?a^áEI4~a
a;WA2D:<:4;CF6nJ:4òp:ﬃ2;:ÍK94;:ﬃ\4;6F^ﬂKACza037A:ﬃEXK94;C8dXS
    
   
ﬀ
Ê ﬁYÊ
§sMXyvg`ij¯Xkjm|tﬃ¯¼

¹Xk~sﬃyh{Is<i~swxgDiVsil8|ÎkjgDwxmIijymh Â¹[wxzyvgsikjgDwxmﬃ
Xijyzmﬃhmﬃl
	  ·Byij¯ImIiVs<h{ÑÂv[·Byij¯-ßÎwx|yh|g`· sŁggDiV´|ijgDkjwVmﬃh-s

Ö
wx|¹A{XyzŁ3ywxymh
wxv~¯|gDqg­|

s<i~s[wxgDiÎvmﬃIkxijgwÍmﬃl9­ÙmﬃtMsX?p¯|qTs<h|wxmﬃhI
¶
mŁMgzs<vgßÎk~s<yzh
Ë
s<|IyzhItfgh?ijgDk%

h|yŁMgDkjwxyirﬂm<l1f sﬃylnm<kjh|yzsX
¶
mw³phItggw~
	AEX2Ba;WA:VñX:<79:<20?a;68EX7áEXõ 	68ñXKA2D:ü>9>Xò[:K94;:ﬃ\H0X7H6F7|a;:ﬃ2D0IJ%aD6FðI:ïA2;EIñX2D:ﬃ4D4~68ðX:54;CF6nJ687Añ
ð|6n4;K903C86Fú0?aD6FEI7Ta;EEICr>?4;:<:û

/þ>Ma;E`ñX:ﬃ7A:<20?aD:p037á032DîA6Fa;2032DdJK¬a;a;687Añ`ïAC80X7A:pa;WA2DEXKAñIWaDWA:
îA2D0X6F7,\A0?a04;:aS 	6FñIKA2;:.ü> 04;WAE?ò4`0RïY032;aÍEXõ³a;W9:á4;C868J<:á03aÍW96FñIWA:ﬃ4~a2;:4~EICFK¬aD6FEI7>
	Î68ñXK92;:ü > §î `0?õÂa;:ﬃ2ﬂ\¬E?ò7Y4;0X^ï9CF687Añ.a;EO02D:ﬃ4;EXC8K¬aD6FEI7ÚEXõ`ü
)
; ò6Fa;W 


4;KAîÀ\¬6Fð6Fô
4~68EX7>À037Y\	6FñIKA2D:Rü> J 03õÂa;:<2`\¬E?ò794D03^áïAC8687AñÜaDE.0R2;:4~EICFK¬aD6FEI7-E3õü
)
; ò6zaDW



4~KAîÀ\¬68ð684;6FEI70379\Ra;2D6FC8687A:ﬃ0X2Z³ôx4;ïACF687A:`ò50MðX:<C8:a 9CFa;:ﬃ2D4ﬃS
pEX^áï9032D:ﬃ\Ra;E	Î68ñXK92;:Hü > §î %>AaDWA:J<EX7|a;EIKA2D4E3õ a;WA:îA2D0X6F7687 	6FñIKA2;:Hü > rJ0X2;:
^K9JW 4~^áEE3aDWA:<2SN-EX2D:<E?ðX:ﬃ2ﬃ>a;WA:4;CF6nJ:6F7 	6FñIKA2;:Úü> J\¬E:ﬃ47AEXaEI7ACFdÓJ<EX7|aD0X6F7
6F7¬õ§EI2;^H03a;68EX7OEXõ³aDWA:H4~C868J<:ﬂ687 	Î68ñXK92;:ü> 0îAKAa0XC84;E.E3õBaDWA:õ§KACFCFô2;:4~EICFK¬aD6FEI7Ú4;CF6nJ:4
7A:øaa;E`6FaﬃS à6Fa;W9EXK¬aaDWA:0MðX:ﬃ2D0XñX687Añï:<2;õ§EX2D^:\îdaDWA:ò50MðX:<C8:a9CFa;:ﬃ2ﬃ>34;EX^á:\¬:a0368C
6F7¬õ§EI2;^H03a;68EX7.E3õa;WA:7A:ﬃ6FñIWîYEI2;:\R4;CF6nJ:4J<037.ñX:<aCFE|4jaS
	Î68ñXK92;:.üXüá4~W9E?ò4Í0X7Ú6n4;EI4;KA2~õ0IJ:ﬂõ§EX2Ía;W9:HðM0XCFK9:0 <R:<øa;20XJ%aD:ﬃ\-õ§2;EI^ a;WA:H4D03^á:
\A0?a0H4~:<aV0?a0H2D:ﬃ4;EXC8K¬aD6FEI7EXõ >
)

RS 	AEI2684;EI4;KA2;õ0XJ<:Í:<øa;20XJ%aD6FEI7>Aò[:TJEI7|ðI:<2;a;:\RaDWA:
ù 	`Z \A03aD0áaDEHa;WA:ﬂ] @ JEXC8EX2^E¬\¬:ﬃCÎ0X79\K94;:ﬃ\aDWA:Tð?03C8KA:ÜS 	9EX2 	68ñXKA2D:ÜüXü0%>
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh 
   
ﬀ
Ê ﬁ ﬁÊAB
ygDk~skjv;¯IyzvsﬃÀŁ3ywxs<zy×%sijymhÜmﬃl¹Xk~sﬃyhÜ{|si~s`wxgDi%À§s¹|sﬃwxg%{ámﬃh

Ö wx|¹A{XyzŁ3ywxymh
·Byij¯ImIi.sﬃh|{ Â¹¬·Byij¯âßÎwx|yh|g-·s%ŁMggDiR´ijgDkjw­Í

s<i~söwxgDivmﬃIkxijgw mﬃl­5ÙmtsX
³¯|qTs<h|wxmhX
¶
mŁMgzsﬃvDgßÎk~sﬃyh
Ë
s<|IyzhItTfgh?ijgDk%

hIyzŁgDkjwxyi}mﬃl1f s<yl8mﬃkjhIyFs3
¶
mﬃwp³h|tﬃggw~
òp:K94;:ﬃ\á0 
 
ôx4;KAî\A6Fð6n4~68EX7áWA68:<2032JWdTò6zaDWAEXKAa³K94;6F7AñT\AE?ò794;0X^áïACF687Añ 9CFa;:ﬃ2D4ﬃ>X037Y\Æ>
õ§EX2	Î68ñXK92;:ÚüXü î %> ò[:J<EX^î96F7A:\öaDWA:

 
ô4;KAîÀ\¬6Fð6n4~68EX7ÒWA6F:ﬃ2D0X2DJWd,ò6zaDWÓaD2;68CF687A:032
Z³ôx4;ïACF687A:ò50MðX:ﬃCF:<a YCzaD:<24<S 	68ñXKA2D:HüXü§î :ø¬WA68îA6za4^KYJW^EI2;:\¬:<aD0X6FC1a;W90X7 	Î68ñXK92;:
üXü r0 S
	AEX2Ba;WA:VñX:<79:<20?a;68EX7E3õ	68ñXKA2D:ü

>3ò[:03ïAï9CF68:ﬃ\áEIKA2BaD:ﬃJWA7A6?|KA:ﬃ4Ba;ET7KA^á:ﬃ2;6nJ<0XCFC8d
4~68^KACn0?aD:ﬃ\RW|d¬\¬2DE¬\¬d7903^á6nJ<4p\A0?a0AS÷5WA:Í\90?aD0ﬂ4~:<a[6n4pa;WA:Í2D:ﬃ4;KACza5E3õ10ýXU 4;6F^ﬂKAC803a;68EX7
E3õa;W9:ù6nJW|a;^ﬂdX:<2;ôxN:ﬃ4;WAPXE?ðR6F794~aD0XîA68CF6Fajd-0379\a;KA2DîAKAC8:<7|a`^6Fø¬6F79ñR687Ú0R4;WAE¬JPa;KAî:
:ø¬ïY:ﬃ2;68^á:<7|aÜû

ü%þS	AEI2:ﬃ0XJWÚðX:ﬃ2~aD:øOEXõ[0,ü>

.
G
4~a;2DK9J%aDKA2;:\ô2;:J%a;68C86F7A:032ÍñX2D68\ §EI7A:
a;68^:4~a;:<ïÐJEX7Y4~6n\¬:<2D:ﬃ\ÑEI7AC8d8>0X7Ó:<7|aD2;EIï|d,ð?03C8KA:Rî:ajò[:<:ﬃ7 >O0X79\

/+/6n4ﬂ4~a;EI2;:\ÆS
÷5WA: 9ñIKA2D:-4~WAE?ò4Üa;WA:Ú684;EI4;KA2;õ0XJ<:-JEX2D2D:ﬃ4;ïYEI79\¬687AñÑa;EöaDWA:Oð?0XCFKA:
+
/ö:øa;20XJa;:ﬃ\
õ§2;EI^ ajò[EÜ\¬6:ﬃ2;:ﬃ7IaVCF:ﬃðX:<Cn4EXõ 2D:ﬃ4;EXC8K¬aD6FEI7 EX7A:`aD6F^á:4jaD:<ï SYQñ|03687>9ò[:TJEI7|a;20X4~a;:ﬃ\
a;WA:H2D:ﬃ4;KACFaD4ÍE3õ[a;WA: 


ôx4;KAî\A6Fð6n4~68EX7,WA68:<2032JW|dò6Fa;WAEIK¬a-§C8:õÂaJ<EXC8KA^á7 Í0379\Úò6Fa;W
§2D6FñIWIaJ<EXC8KA^á7 pa;2D6FC8687A:ﬃ0X2Z³ôx4;ïACF687A:`ò50MðX:<C8:a 9CFa;:ﬃ2D4ﬃS
pEX794;68\A:<2D6F7AñÑaDWA:,:øA03^áïAC8:O4;WAE?ò7â687:	6FñIKA2;:Ðü

>³òWA:ﬃ7âK94;6F7AñÒa;WA:Úò[0MðI:<C8:a
03ïAïA2DEI0IJWCFE?ò5ô2;:4~EICFKAa;68EX7ð684;K903C868úﬃ0?aD6FEI7944;K8%ÜJ:a;E4;:<:òWA:<2D:TaDKA2;î9KACF:ﬃ7|aV^á6zø¬687Añ
aD03PI:ﬃ41ïAC80IJ:IS 	9EX21:<øA03^áïAC8:X> 	Î68ñXK92;:ü

rJÆ4;WAE?ò41J<CF:032DCFdVa;W9:³îA68ñ- ;îAKAîAîAC8:2;6n4;6F7Añ6F7
a;WA:p^6n\A\¬C8:³EXõa;WA:[\A0?a04~:<aﬃSM÷5WA:BîAK9îAîAC8:pJ<0X7TW90X2D\¬C8dî:p4;:<:ﬃ76F7 	Î68ñXK92;:ü

r0 %S÷5WA:
0MðX:<203ñI6F79ñﬂ4~a;:<ïY45E3õa;WA:ò50MðX:ﬃCF:<a 9CFa;:ﬃ2D45C8:ﬃ0I\ÜaDEÜ0^K9JW.îY:<a~aD:<20XïAïA2DEMø68^H0?aD6FEI7S
6F7YJ:áa;W9:ÜñX:ﬃ7A:<20?aD:ﬃ\Úò[0MðI:<C8:a 9CFa;:<24T0X2;:H790X2;2DE?ò r0X4T02D:ﬃ4;KACFaTE3õ5a;WA:HC86FõÂa;687Añ
4;JWA:ﬃ^á: %>Xa;WA:ﬃd\AET7AE3ap2;:4jaD2;6nJ%aBaDWA:0XïAïAC868Jﬃ0?a;68EX7HEXõÀa;WA: 


ô4;KAîÀ\¬6Fð6n4~68EX7HW96F:ﬃ2D0X2DJWd
a;Eö037 0X\A0Xï¬a;68ðX:4~:<a~aD6F7AñYS 	AEI2á0I\A03ïAa;68ðX:.^:4~W 2D:97A:ﬃ^á:<7|a6870



ôx4;KAî\A6Fð6n4~68EX7
WA6F:ﬃ2D0X2DJWdI>|ò[:`2;:<õ§:<25aDE-û <3þ}SAbx7'	68ñXKA2D:áüﬃýA>¬ò[:4~W9E?ò 0ð6F:ﬃò5ô\¬:ﬃïY:ﬃ79\¬:ﬃ7Iað6n4~KY03C86Fú0?ô
a;68EX7Ñî90X4;:ﬃ\ÚEX7ö0X7,0I\A03ï¬aD6FðI:<C8d-2D:97A:\

 
ô4;KAîÀ\¬68ð|6n4;6FEI7Ú^á:ﬃ4;WS1÷5W9:Ü\A0?a0.4;:aTò[:
K94~:\-6n4`0RJEI^áïAK¬a;:ﬃ2;68ú<:\aDEX^áEXñI2D0XïAWd  [÷4DJ<0X7OE3õ[0ÜïA2D6F^H03a;:CFKA79ñ.J<EX794;684~a;687Añ
E3õ /¬ü

'/¬ü



;+;á4D03^áïAC8:ÍïEX687|aD4ﬃS 	6FñIKA2D:Hüﬃý r0 [4;WAE?ò4[a;WA:ﬂ0X\A0Xï¬a;68ðX:ﬃCFdÜ2D:Y7A:ﬃ\
^:4~W1>|òW9:<2D:a;W9:Vð68:<òïEX687Ia56n4³ïEI4;6zaD6FEI7A:ﬃ\0?apa;WA:J:ﬃ7|a;:<2[E3õÆaDWA:Í2;68ñXW|a³õ0IJ:ÍE3õaDWA:
îYEIKA79\¬687AñîEMøÆS	68ñXKA2D:üﬃý §î 14~WAE?ò410376n4~E|4~KA2;õ0XJ<::øa;20XJa;:\Íõ§2;EI^ aDWA:p0I\A03ï¬aD6FðI:<C8d
2;:ﬀ97A:ﬃ\^á:ﬃ4;W.õ§EX26n4~E?ð?03C8KA: <+;9>¬JWAEI4;:<7õ§2;EI^ a;W9:6F7|a;:ﬃ2;ð?0XCBû >
7 
/ /MþS

¶
skjw
¶
yh|wxghgDi³sﬃÂ­
    
  
   	

ﬀ
Ê ﬁ  9Ê 
h?ixkjm?ﬂyhÜs¼

wxyzqV|zs<ijymﬃhHmﬃl

yv~¯?ijqV?gDkx
Ë
gwx¯IØMmŁyh|wi~sﬃ¹Iyzyir?Ł3ywxsﬃy×g%{
¹?ywxmwxXkxlÂsﬃvDgpgDÞ3ixk~s<vDijymhÍlFkjmq s

Ö <wx|¹A{XyzŁ3ywxymh`¯IygDk~s<kjv~¯?·Byij¯ImIipÂgDl8i1vmﬃ|qh¬Às<h{
·Byij¯nkjytﬃ¯3i³vmﬃ|qh¬ÎßÎwx|yh|g5·s%ŁMgDzg;i³´|ijgDkjw§s<iBkjgwxmXijyzmﬃh|w³mﬃl1»	 »ﬃ»¼ s<h{ﬂ» 	 `;­
    

ﬀ
Ê ﬁ /9Ê
ygD·r{IgD¬gh{Xgh?iŁ3yzwx|sﬃy×%s<ijymﬃhÑmﬃlIh|t{Is<i~swxg;iﬂIwxyh|ts<hÑsﬃ{|sﬃXijyŁMg-kjgD
´|h|g%{

Ö %wx|¹A{IyŁ3ywxymháqgwx¯ásﬃh{ßÎwx|yh|g·s%ŁMggDi³´ijgDkjw­

s<i~sVwxgDi[vDmIkxijgDwm<l
 
kjyØ

­3Ïöywxh|gDk%

g|s<kxijqgh?im<l

sﬃ{Iymmﬃtﬃ?

h|yŁMgDkjwxyirTmﬃlÎf sﬃylnm<kjh|yzsX

sŁ3yw~
 QﬂíHSDçAí~æUT SéBè

  Y |ë
Têíííjé³æ íè è9ì í  
	AEX2a;WA:.IU J<0X4;:X>Îòp:RW90MðX:áaDEÚ\¬6n4jaD6F79ñXKA6n4~Wöî:ajò[:<:ﬃ7öõ§EXK92ﬂ\¬6:ﬃ2;:ﬃ7|aJ<0I4~:42D:õ§:<2;ô
2;687AñÚa;EÚa;WA:.õ§EXK92á\A6
À:<2D:<7|aHJEX719ñXKA20?aD6FEI7944~WAE?ò7Ò6F7 	6FñIKA2;:!;AS ,:4ja032;aﬂò6Fa;W
a;WA:4~6Fa;K903a;68EX7-4;WAE?ò7687	6FñIKA2;: ; §î %SÀZpdJEI7ðXEXC8K¬aD6FEI7.EXõ a;WA:üﬃU ^á0I4~P¬4687õ§EIKA2
JEEX2\¬68790?aD:ﬂ\¬682;:J%aD6FEI794ò[:EIî¬aD0X6F7,0ÜñI:<7A:ﬃ2D0XCF68úﬃ03a;68EX7E3õp^á0I4~P rý a;E0-.|Uå^H0X4;PÀS
Ú:0X\ jKY4ja6zaa;EOa;WA:



ô4;KAîÀ\¬68ð|6n4;6FEI7Ò4~:<a~aD6F7AñÚE3õ 	68ñXKA2D:; §î Tî|dö0I4;4;KA^á6F79ñ §6 
a;W903aa;WA:Hð?03C8KA:H0?aT0ðI:<2;a;:ø 
 6n4\¬:Y7A:ﬃ\,îdOC86F79:ﬃ032`687|a;:<2DïEXCn0?a;68EX7,E3õpa;WA:Hð?0XCFKA:4
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh N 
0?aaDWA:Tajò[EÜðX:ﬃ2~aD68J<:ﬃ4 '§ò6Fa;W-òWA6nJWa;W9:ðX:ﬃ2~aD:ø 
 4~WY032D:ﬃ40X7:ﬃ\¬ñI:  §686 5a;WY0?aaDWA:
ðM0XCFK9:á03a`0.ðI:<2;a;:ø  684`\¬:ﬀ97A:\ÚîdîA68C86F7A:032`687IaD:<2DïYEIC803a;68EX7ÚE3õ³aDWA:áð?03C8KA:ﬃ403aÍaDWA:
õ§EXKA2áðX:ﬃ2~aD68J<:ﬃ4  ò6zaDWÐòWA6nJWÓaDWA:ðX:ﬃ2~aD:ø  4;W9032D:ﬃ40õ0IJ: 0379\ §686F6 a;W903aaDWA:
ðM0XCFK9:ﬂ0?a0ÜðI:<2;a;:<ø   6n4Í\¬:979:ﬃ\-îd.a;2D68CF687A:ﬃ0X2V687|a;:ﬃ2;ïEXCn0?aD6FEI7-E3õaDWA:ﬂð?0XCFKA:4V03aVaDWA:
:<68ñXW|aBðX:ﬃ2~aD68J<:ﬃ4  §ò6Fa;WHòW968JWa;W9:ðX:ﬃ2~aD:ø   4~WY032D:ﬃ40JK9îYEI68\ SpEI794~: |KA:<7|a;C8dX>?EI7A:
EXî¬a0368794[a;WA:^H0I4~PÜò5ôC86zõÂa  F  #
7%$
 ﬂ
4
b4
a + aba b+3 2 2a b + 3_2
3 _1
22
­
Ú: ïA2DEJ<:<:\ 0X4Úõ§EX2Úa;W9: C8E?ò[:<2;ô\¬68^á:<794;68EX790XCJ<0I4~:4Ú0X79\ EIî¬aD0X6F7åa;WA:^H0X4;P
4jôCF6FõÂa  F   ﬁ#
7%$

b4
a4

a;WA:^H0X4;PR4~ô}C86FõÂa



 #
7%$

a +4 aa b+3 2a a b +2 2 3a ab3
b4
4
_
6
_ _
4
òWA:<2D: #Ò6n4HaDWA:OïY03203^á:aD:<2 #Òõ§2;EI^ aDWA:O4~ô}C86zõÂa:<79J<E\A6F7AñÒ^á0I4~PÀ>³0X79\ a;W9:O^H0X4;P
ò5ô}C86zõÂa

F

#
7
$

4
b4
a
­
àWA:<7-68794;:<2;a;687AñHaDWA:ðI:<2;a;6nJ:ﬃ4   >AaDWA:ðI:<2;a;6nJ:ﬃ4  >Y0X79\a;W9:ðX:ﬃ2~aD68J<:ﬃ4 
 0X4\AEX7A:ﬂ6F7
a;WA:Ü4;6zaDK90?aD6FEI794687 	Î68ñXK92;:#; rJ>=\ >1037Y\ : >2;:4~ï:ﬃJa;68ðX:ﬃCFdI>Æòp:H^ﬂK94ja`õ§EICFC8E?òåaDWA:
0X4D4~KA^áï¬aD6FEI794 §6 ô §686F6 Í\¬:ﬃ4DJ2D6Fî:ﬃ\Ú03îE?ðX:ISY÷5WA: 9CFa;:<24V2;:\¬K9J:ﬂa;ERa;WA:áýXUﬂ>

Uﬂ>Æ0379\
üﬃU 9CFa;:ﬃ2D4ﬃ>¬2D:ﬃ4;ïY:J%a;68ðX:ﬃCFdIS
ã,í   Y   èí;æUT pé ~ë  ê ç	
÷5WA:aD6F^á:<ô}ð?032Dd6F79ñﬂðIEXC8KA^á:V\A03aD0ﬂK94~:\Hõ§EI2paDWA:`:øA03^áïAC8:`4~WAE?ò7R6F7!	6FñIKA2;:ﬂüﬀ.2;:ﬃï¬ô
2;:4~:ﬃ7Ia4TaDWA:.:<ðXEICFKAa;68EX7ÓEXõ037ÐQ2;ñIEX7Óî9KAîAîAC8:.\A684~a;KA2Dî:ﬃ\Óîdö0,4~WAE¬JPÑò50MðX:XS÷5WA:
4~68^KACn0?aD:ﬃ\â\90?aD0ÒJEX7Y4~6n4ja4ÜEXõ./ >öa;68^:,4jaD:<ï94ﬃ>[:ﬃ0XJWàEI7A:OWY0Mð|687AñÒ0X7â0X4D4~E¬J<6803a;:ﬃ\
; . > 

/ ; 

/ ;H2D:ﬃJa;68CF687A:ﬃ0X2ñI2;6n\ÆS 	9EX2Í:ﬃ0IJWðX:<2;a;:<øÆ>Y0R\A:<794;6zajd.ð?03C8KA:î:ajò[:<:ﬃ7>
0379\

/ /V684p4jaDEX2D:ﬃ\ÆS ,:W90MðI:5J<EX794~a;2DK9Ja;:ﬃ\á0 


ôx4;KAî\A6Fð6n4~68EX7áWA68:<2032JWdTJEX^ﬂîA687A:ﬃ\

¶
skjw
¶
yh|wxghgDi³sﬃÂ­
§s
Â¹¬
ﬀ
Ê#ﬁ 6Ê

ghIwxyi}m<l[sáijyqgDŁﬃs<kxXyh|tHwxyqÍIFsijymh-mﬃlpsﬃh-yh?ijgDk~sﬃv;ijyzmﬃhÚm<lpsRwx¯Im?v;ØR·Byij¯
s<hÒ³kjtmﬃhö¹|I¹|¹|gŁ3yzwx|sﬃy×g%{Ó¹?,ŁMmﬃ|qgHkjgh{XgDkjyh|tijyqgÜwijg%3­

m%·Bh|wjs<q|g%{
ijmO»	  <  |wxyh|t-vmﬃqÍ¹|yhIg%{

Ö <wx|¹A{XyzŁ3ywxymhö¯Iyzg;k~s<kjv~¯3,yhÓl8mXkH{IyqghIwxymh|wﬂsﬃh|{ömh|g
{Xyqgh|wxymh·Byij¯|mXi§sMsﬃh|{·Byij¯Â¹¬yh|gs<kpßÎwx|yh|g5· sŁggDijw­
ò6zaDW-|K90X\¬2D68CF687A:ﬃ0X2BZpô4;ïAC86F7A:ò[0MðI:<C8:a 9CFa;:ﬃ2D4ﬃS+	AEI2³ð6n4~K90XCF68ú<687Añ`aDWA:2D:ﬃ4;KACFaD4ﬃ>3òp:W90MðX:
K94~:\.ðXEXC8KA^á:`2;:ﬃ79\¬:ﬃ2;687Añ9S
pEX794;68\A:<2D6F7Añ 	6FñIKA2;:`ü. §î %>Mòp:5W90MðI:pï:<2;õ§EX2D^á:ﬃ\ﬂ0

 
ô4;KAîÀ\¬6Fð6n4~68EX7\¬E?ò794D03^ô
ïACF687Añ`JEI^îA687A:ﬃ\ò6zaDW |K90I\¬2D6FC86F79:ﬃ032 Zpô4;ïAC86F79:pò50MðX:ﬃCF:<a9CFa;:ﬃ2D4 \¬E?ò7a;E`02D:ﬃ4;EXC8K¬a;68EX7
E3õ ;
)

/ R>õ§EXC8C8E?òp:\ÚîdüﬃU$\¬E?ò794D03^áïAC8687AñO4~a;:<ïY4Tò6Fa;WÒC8687A:ﬃ0X2ﬂZpô4;ïAC86F79:Üò[0MðI:<C8:a
9CzaD:<24\¬E?ò7Óa;EO0O2;:4~EICFK¬aD6FEI7ÑE3õ >
)
0 <RSÎ÷5WA:Hõ0IJ%aﬂa;W903aﬂEXK92 .IU ò50MðX:<C8:aTC86FõÂa;687Añ
4;JWA:ﬃ^á:V6n45\¬:ﬃJ<EX^áïYE|4~:\Ü687|a;Eá0 .|U>¬ýXUﬂ>

Uﬂ>A0379\OüﬃU 4~a;:<ï03C8C8E?ò4³K94paDEﬂ687|a;:<ñI2D03a;:
CF687A:ﬃ0X2TZpô4;ïAC86F7A:Hò50MðX:ﬃCF:<aT4;JWA:ﬃ^á:ﬃ4`E3õ037dO\A6F^á:<7Y4~68EX7Ñ687IaDEEX7A:áõ§203^á:ﬃòpEI2;PÀSV7A:
J<037àJ<EX^áï9032D:.a;WA6n4Ü2D:ﬃ4;KACFaHa;EÑaDWA:-EX79:EXî¬a03687A:ﬃ\ òWA:ﬃ7\AE?ò794;0X^áïACF687AñÑò6Fa;WAEIK¬a
ò[0MðI:<C8:a 9CzaD:<24<>B4;:<:'	68ñXKA2D:Úü. r0 %SBZ[EXa;W ïA68Ja;KA2D:ﬃ4H0X2;:a;W9:2;:4~KACFaD4EXõÍ03ï9ïACFd687Añ
ðXEXC8KA^á:T2D:<79\A:<2D6F7AñáaDEHa;68^á:ﬂ4~a;:ﬃïöü2

S 	6FñIKA2D:Üüﬀ. 0 EX7AC8d4;WAE?ò4\90?aD0õ§2DEX^ a;68^á:
4jaD:<ï ü2

>ÀòWA:<2D:ﬃ0I4 	Î68ñXK92;:.üﬀ. §î ÍJEI7|aD0368794`687¬õ§EX2D^H0?aD6FEI7OE3õ04~W9EX2;a`4;:|KA:ﬃ79J:áE3õ
a;68^:T4~a;:ﬃï94J<CFE|4~:Va;EáaD6F^á:T4~a;:<ïÑü 2

>6879JC8K9\¬687AñÜ0XCFCÆïEI4D4~68îAC8dR4;6FñI7A6
J<037|aJW90X7AñX:4<S
÷1E IKY037|a;6Fõ§da;WA:Í6F^áïA2DE?ðX:ﬃ^á:<7|ap6870XïAïA2DEMø68^H0?aD6FEI7|K90XCF6FajdX>|ò[:ÍJ<EX^áïAK¬aD:ﬃ\R0Xï¬ô
ïA2;EMø¬68^H0?a;68EX7H:ﬃ2;2DEX24õ§EX25JE|0324~:ﬃ2BC8:<ðX:ﬃC84³E3õ10XïAïA2DEMø68^H0?aD6FEI7îdHJEI^áï9032D6F79ñ`a;WA:ﬃ^ a;E
a;WA:WA68ñXW9:ﬃ4~a~ô2;:4~EICFK¬aD6FEI7C8:<ðI:<C}S 	Í6FðI:<7ﬂa;WA:EI2;68ñX687903C|õ§EIKA2~ôð?032D6803a;:põ§KA79Ja;68EX7 á>?2;:ﬃïA2D:ô
4~:ﬃ7IaD:ﬃ\`\¬6n4;J<2;:<a;:ﬃCFdVî|dÍ4;0X^áïACF:ð?0XCFKA:40?aC8E¬J<03a;68EX794> ,ûFü
7
Mþxûzü
7
	ﬃþûFü
7

þxûFü
7

J
þ>
òp:`W90MðI:ÍKY4~:\ÜaDWA:2;EEXa~ô^:037¬ôx4 IKY032D: ùN1[:<2D2DEX2
 5

ü



	




J

 #    ﬀ
L
7
òWA:<2D:ﬁ  [\¬:<7AEXa;:4³aDWA:`03ïAïA2DEMø¬6F^H03a;:ﬃ\Hõ§KA79J%aD6FEI7ð?0XCFKA:ÍEXîAaD03687A:\Üîd|K90X\¬2D68CF687¬ô
:ﬃ0326F7|a;:ﬃ2;ïEXCn0?aD6FEI7.0XïAïAC86F:\.a;EÜ0áWdïY:ﬃ2DJ<KAîEX6n\687a;W9:JE|0324~:ﬃ2[C8:<ðI:<CEXõ2;:4~EICFK¬aD6FEI7S
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh %
bx7 EXa;WA:ﬃ2HòpEI2D\94<>a;W9:ðM0XCFK9:E3õ    6n4HEXî¬a03687A:ﬃ\ÐîdÒï:<2;õ§EX2D^á6F7Añ |K90X\A2;68CF687A:032
6F7|a;:ﬃ2;ïEXCn0?aD6FEI7E3õ`a;WA:Òü;Ñõ§KA7YJ%a;68EX7àð?0XCFKA:4R0I4;4;E¬J6n0?a;:\Òò6Fa;Wâa;WA:OJ<EX2D7A:<24HEXõÍaDWA:
W|dï:<2JKAîEX6n\.JEX7|a03687A6F79ñﬂaDWA:ïEX687Ia  S
	Î68ñXK92;:,ü /O4~WAE?ò4ﬂaDWA:6F^áïA2DE?ðX:ﬃ^:ﬃ7|aﬂòWA:ﬃ7 0XïAïAC8d|687Añ |K90X\¬2D68CF687A:ﬃ0X2Zpôx4~ï9CF687A:
ò[0MðI:<C8:a 9CFa;:ﬃ2D4ﬃSX÷5WA:,YñXKA2D:4~W9E?ò4 õ§EX2Bð?0X2;68EXK94BCF:ﬃðX:<Cn4EXõÀ2D:ﬃ4;EXC8K¬aD6FEI7!6F7Ü0TCFEIñI032D6Fa;W¬ô
^6nJ4DJ<0XCF:  îdWAE?ò^KYJWﬂaDWA:VùN:<2D2;EI2684³2;:\¬K9J<:ﬃ\EX7Ü0MðI:<203ñX:[òWA:ﬃ7HK94~687AñTEIKA2
ò[0MðI:<C8:a 9CzaD:<24<S
100% 12.5%
15%
10%
5%
0%
error reduction
resolution
0.195%1.563% 0.024% 0.003%
ﬀ
Ê ﬁ @9Ê
pŁMg;k~sﬃtg
[Ë
g;kxkjmﬃkkjg{I|v;ijyzmﬃh·B¯|ghsﬃI|Xyh|tByzhIg%s<kÀßÎwx|yh|g1·s%ŁMggDiY´ijgDkjw­
6F7YJ:aDWA:^H0X4;P¬4BEXõÀEIKA2³C86FõÂa;687Añﬂ4DJWA:<^á:0X2;:EXõJEX7Y4ja037|ap4;6Fúﬃ:0379\aDWA:7KA^ﬂîY:ﬃ2
E3õB4jaD:<ï94õ§EX2EIKA2C86zõÂaD6F79ñ4DJWA:<^á:6n4JEI794~aD037|a>AEXKA2Í03C8ñXEI2;6Fa;WA^H452DKA7687CF687A:ﬃ0X2a;68^á:
ò6zaDWT2;:4~ï:ﬃJaÆa;EaDWA:³7KA^ﬂîY:ﬃ21EXõEI2;68ñX68790XC3\A0?a0ïYEI6F7|a4<S 6F7YJ:aDWA:³^H0X4;P¬4032D:790X2;2DE?ò
0379\OCF687A:ﬃ0X2Z³ôx4;ïACF687A:ﬂò[0MðI:<C8:aVEIïY:ﬃ2D03a;68EX794Í032D:ﬂ\A:ﬃJEI^áïYE|4~:\-687IaDEEI7AC8dajòpE.4jaD:<ï94ﬃ>
2;KA7AôraD6F^á:TJEI794~aD037|a4[0X2;:4;^H03C8CrS
ãBã

é³æì ;ëíjé³æ
Ú:W90MðI:`ïA2;:4~:ﬃ7|a;:ﬃ\^K9CzaD6F2D:ﬃ4;EXC8K¬a;68EX7.WA68:<2032JWA68:ﬃ4[î90X4;:ﬃ\.EI7
Ô
 
4~KAîÀ\¬68ð684;6FEI70379\
Àô}ð?032D6n0?a;:[Zpô4;ïAC86F7A:5ò50MðX:ﬃCF:<a9CFa;:ﬃ2D4ﬃS Ú:5W90MðI:p\¬:4;J<2;68î:ﬃ\a;WA:5^á:aDWAE¬\A4 6F7á0VñX:<79:<203C
4~:<a~a;687Añò6zaDWRï90X2~aD68J<KACn032Bõ§E¬J<K94[EX7HaDWA:áüﬃUﬂ>

U>¬ýXUﬂ>¬0379\.IU J<0I4~:I>|4;6F7YJ:aDWA:<dÜJﬃ037
îY:VK94~:\áõ§EX2[WA68:<2032JWA6nJ<03C92;:ﬃïA2;:4~:ﬃ7|aD0?aD6FEI794EXõ1JKA2DðX:4<>X4;KA2;õ0XJ<:ﬃ4ﬃ>XðXEICFK9^:Í\A0?a0A>|0379\
a;68^:<ô}ð?0X2;d687AñáðXEXC8KA^á:\A0?a0A>¬2D:ﬃ4;ïY:J%aD6FðI:<C8dXS
÷5WA:
Ô


ô4;KAîÀ\¬68ð|6n4;6FEI7Ó4;JWA:ﬃ^á:HCF:0X\A4Ta;EO02D:<ñIKAC80X2\A03aD0EX2DñI0X7A68úﬃ0?aD6FEI7SN:4~W
JEX797A:ﬃJa;68ð|6Fajd-037Y\-ðX:ﬃ2~aD:øC8EJﬃ0?aD6FEI794V0X2;:ﬂ6F^áïAC86nJ6Fa;C8dO\¬:Y7A:ﬃ\ §7AE0X\9\¬6zaD6FEI7903C 4~a;EX2;ô
03ñX:4;ï90XJ<:568479:ﬃJ:4;4D032Dd1%>?037Y\\90?aD0`0IJ<J:4;4 6n4B4;6F^áïAC8:037Y\Tõ0I4jaS3bx7áñX:<79:<203C}>?2;:ﬃñXKACn032
4;JWA:ﬃ^á:ﬃ4TWY0MðX:áa;W9:\¬20Mòî90XJP¬4`EXõJ<EI0X2D4;:áñX2037KACn032D6zajdO0X79\ÑC8E?ò 0I\A03ïAa;68ð|6FajdXS÷5WA:
Ô


ô4;KAîÀ\¬68ð|6n4;6FEI7-4;JWA:ﬃ^á:TEX7AC8d\¬EXKAî9CF:4a;W9:7KA^î:<2ÍE3õðI:<2;a;6nJ:ﬃ46F7-:0XJW-4;KAîÀ\¬6Fð6Fô
4~68EX74jaD:<ï2D:<ñI0X2D\ACF:4;4pE3õa;WA:T\A6F^á:<7Y4~68EX7 S
	AEX2³WA6FñIW¬ô IKY03C86zajd\A0?a003ïAïA2DEMø¬6F^H03a;68EX7EX7H:ﬃ0IJWáCF:ﬃðX:<C9E3õ\¬:a0368Cr>Iòp:K94~:V\¬E?ò7¬ô
4;0X^ï9CF687AñYCzaD:<24ÎîY0X4;:ﬃ\TEI7ÀôðM0X2;6n0?aD: CF687A:ﬃ0X2ÎZpô4;ïAC86F79:pò50MðX:ﬃCF:<aD4ﬃSﬃ÷5WA: 9CFa;:<24^K94~a
îY:H\¬:ﬀ97A:ﬃ\Oõ§EX2ÍaDWA:
Ô


ôx4;KAî\A6Fð6n4~68EX7,JEX797A:ﬃJa;68ð|6Fajdò6Fa;WAEIK¬a2;:4jaD2;6nJ%aD6F7Añ0X\903ï¬aD6Fð|ô
6zajdIS Ú:H\¬:ﬃ2;68ðX:\OZpô4;ïAC86F79:ﬂò50MðX:ﬃCF:<aVC86zõÂaD6F7Añ-4DJWA:ﬃ^:4Võ§EX2
Ô
 
4;KAî\A6Fð6n4~68EX7,CF:0X\¬687Añ
a;EÜ4;^á0XCFC )790X2;2DE?ò 9CFa;:ﬃ2D4ﬃS
<»
¶
skjw
¶
yh|wxghgDi³sﬃÂ­
Ú:`W90MðI:Í\¬:ﬃ^áEX794~a;20?aD:ﬃ\Ra;WA:î:<7A:ﬀAaE3õK94;6F7AñaDWA:ﬃ4;: 9CFa;:<245îdÜïA2DE?ð68\¬687Añ

Uﬂ>
ýXUﬂ>50X79\ .IU :øA03^áïAC8:ﬃ40X79\ 0XïAïAC8d|687AñÐðM0X2;68EXKY4Rð6n4~K90XCF68úﬃ03a;68EX7 a;EEXCn4ﬁ6F7YJC8K9\¬687Añ
ð|68:<ò5ôx\¬:ﬃïY:ﬃ79\¬:<7|aR6n4;EI4;KA2~õ0IJ::øaD2D0IJ%a;68EX7 õ§2DEX^ 0X\A0Xï¬a;68ðX:ﬃCFdÐ2;:ﬀ97A:\Ð^á:4~WA:4 Ü0379\
:<ðX:ﬃ7EIK¬a~ôE3õÂôxJEI2;:`\A03aD0:ø¬ïAC8EX20?aD6FEI7Üa;:JWA7A6?|KA:ﬃ4ﬃS
 
ìæé 
  ÎêUT  1æpç
Ù ¯Iyw· m<kjØ`·sﬃwwx||¬m<kxijg%{¹?`ij¯|g³¸5sijyzmﬃhs<3vygh|vDg[Ý|mﬃ|h|{|s<ijymﬃhIh{XgDk vmﬃh?ixk~sﬃvDijw³fo
ﬃMºM»¼<ºöf 
    
³· s<k~{`s<h{O³foÍ»<»ﬃX ij¯Xkjm|tﬃ¯Oij¯Ig
¶
s<kjtgR3vygh?ijy´vás<h{
3mﬃlFi}·skjg

s<i~sT3gDi

ywxs<zy×%sijymh-
¶
I



ÎXkjmtﬃk~s<q |h{XgDkBvmﬃh3ixk~s<vDi[pfo ﬃ3
s<h{Tij¯IkjmIt¯Tij¯|g5¸[s<ijymh|sﬃ9uÆs<kxijhIgDkjwx¯|ylnmﬃkpp{IŁﬃsﬃh|vDg%{fmﬃq|Xi~s<ijymh|sﬃAo}hXl8k~sﬃwixkjIvDijIkjg
Â¸[uApfo 3ij¯|g5¸[s<ijymh|sﬃorh|wijyijIijg[mﬃl
Ë
gh?i~s<
B
gsﬃij¯ás<h{ﬂij¯Ig5¸5sijyzmﬃhs<ÆXvDyzgDh|vgÝ|mﬃ|hX
{Is<ijymhÜIh{Ig;k[vmﬃh?ixk~sﬃvDi¸po
Ë B
uÎﬃ»
Ë B
»ﬃ  ﬃr»ﬃ5 Ys<h{áij¯|g
¶
s·kjghIvg
¶
yŁMgDkjqmﬃkjg
¸[s<ijymh|sﬃ
¶
s<¹¬mﬃk~s<ijm<kx|h{XgDk[|foÀ[Ipu
¶
gŁMgD}
Ë
gqmﬃk~s<h{IIq³tﬃkjggqgDh3iÆß ¼ﬃº  ﬃ  <
s<h{|h|{IgDk
Ë
gqmﬃk~s<h{X|q pt<kjggqgh?ißﬃ»ﬃ¼X<X­IÏgpsﬃwxm`s<v;Ø3h|m%·Bg%{Xtgpij¯IgpwxI|¬m<kxi mﬃl

¶
XÙ
!Ë
Xv~¯|yyzhIt

m¹¬m<ijyzvDwsﬃh|{Iµ[o;­?Ïg³ij¯s<h|ØÍij¯IgpqgqV¹¬gDkjwm<lYij¯Ig

yzwx|sﬃy×%s<ijymﬃh
s<h{Rµpk~sﬃI¯|yvw

gwxg%skjv;¯.µpkjmIRs<i[ij¯Ig`fgDh3ijg;k5lnm<ko}qTs<tgVukjm?vgDwxwxyzhItás<h{Ho}h?ijgt<k~s<ijg%{
fmﬃq|XijyzhItfouoxf1s<iij¯Ig

h|yŁMg;kjwxyirÍm<lÆf s<yl8mﬃkjhIyFs3

sŁ3yw?s<h{`ij¯|gBqgqV¹¬gDkjwmﬃlAij¯|g

s<i~sXvDyzgDh|vg[µpkjmITs<i1ij¯|gpfgh?ijgDkl8mﬃk p|Iyzg{Xvygh?ijy´vpfmﬃq|IijyhItf 5|fs<i1ij¯|g
¶
s·kjgh|vg
¶
yzŁgDkjqmﬃkjg5¸[s<ijymh|sﬃ
¶
s<¹¬mﬃk~s<ijm<kx?
¶
yzŁgDkjqmﬃkjg|f s<zyl8mﬃkjh|yzs3­
 AS 1è1æì  
­

mwi~sﬃwÍph|sﬃthImwijmﬃYÆÙ yqI­ ij¯|g;kxijmhYsﬃh|{ph|{XkjgD·
 
­ÀÏsijgDkxlÂs<zÂ­RºM{Łm|qg
kjgDh{Ig;kjyzhIt·Byij¯öij¯Igwx¯Ig%s<kﬂ·s<kjölnsﬃvDijm<kjyz×s<ijymh9­ o}h

mtg;kRfÎk~s·´wHs<h{

s<h|yg
fmﬃ¯|ghX
!
k%Àg%{Xyijm<kjw
	ﬀﬁﬂﬃ! "$#%%&%(')+* ,-.'/01,)2+* 43
256728
9
2;:)ﬀ<6	=?>ﬁ@A-B:$10,-DC$EFE+EAG>82+* IHJ2LKFMﬃN05@AGPOJQ2Lﬀ?s<tgw<LR|%¼  ?­9³f
ËS
o
     

<»»ﬃ»X­
3­
Ë
skxijyh-ßgDkxixk~sﬃqá­T U,$* 501;;+* ,56V W
<=* X=Y>Z	=Q;)5 [\	.'J01,)2+* 43
255|­Üu¯

ij¯Igwxyw

gskxijqgh?i m<lfmqIIijgDkBXvyghIvg

hIyzŁgDkjwxyi}m<lf sﬃylnm<kjh|yzsX

s%ŁXyw|f sﬃy
l8mﬃkjhIyFs3¯?ixij
SS
···­ vy|yv­ |v{|s%Ł3yzw­ g%{X
S
||¹Iyzvs<ijymhIwYﬃ»»ﬃ»X­
¼X­
Ë
skxijyh-ßgDkxixk~sﬃqá
Ë
s<kjØ.­

|v~¯sﬃyhIg%sﬃ9Àßg;kjh{
B
s<qTsﬃhIhYsﬃh{W]gh|hIgDij¯o;­^m%?­
ßÎyzvD|¹|yvÜwx|¹A{XyŁXywxymhXwxIkxlÂs<vg· s%ŁMggDijwﬂl8mﬃkFskjtgDwxv%s<g.ywxmwxXkxlÂsﬃvDgkjgXkjgwxgh?i~s<ijymh
s<h{Ł3ywxsﬃy×%sijyzmﬃhY­,o}hOÙ ¯|mﬃqTsﬃw
 
kxijÂßÎgDkjh{
B
s<qTsﬃh|h9sﬃh|{Ú³¹|yi~sﬃ¹I¯

skjwx¯|h|g;?
g{Iyijmﬃkjw<
	;10<_`#%&%%aﬃ&A

;;Z	_.'J01,)2+* 43
255C$EFEFE<MsﬃtﬃgwÎ¼
R3¼ﬃX­
o
    
|o
    
fmﬃq|Iijg;kpXm?vygDiráuÆkjgwxwA<»»ﬃ»X­
ºI­
Ë
skxijyhßgDkxixk~s<qá

s<h|yg
 
­
¶
s<h|gD?
Ë
s<kjØ­

Iv;¯|sﬃyh|g%s<YÀf¯skjzgDw

­
B
s<h|wxgh9
ßÎgDkjh{
B
sﬃqTs<h|hYsﬃh|{b]ghIh|gDij¯`o~­Fﬃm?­|Ïs%ŁMggDi1kjgIkjgDwxgh?i~s<ijymhm<lAvmh?ijmXkwxg;ijw­¬o}h
Ù ¯ImqTs<w
 
kxijÂJ]gh|hIgDij¯Üo;­/m%?Ysﬃh|{³qyi~sﬃ¹|¯

s<kjwx¯Ih|gD?¬g{Iyijmﬃkjw^
	
#%&%&%cﬃ&d
;1;8	eAf'J,)2+* g3L2A56bCEFEFh<|sﬃtgDwÆ¼»ﬃ¼LR3¼3%»3­o
    
o
    
fmqIIijgDk
3m?vygDi}ﬂuÆkjgwxwA<»»3­
3­uÆs<mmﬂfyth|mﬃh|yÂYfzsﬃ|{Iym
Ë
mﬃh?i~sﬃh|yÂ
 
hIkjyvmu|I¬mI¬s<h{

m¹¬gDkxijm3vmIyth|mX­
Ë
|
ijykjgwxmﬃIijymhﬂqm3{Igyh|tVsﬃh|{Ł3ywxs<zy×%sijymhm<lÀŁMmﬃ|qgp{|s<i~s3­&#%&%%jiﬁ2ﬁ;2F	=56AﬁP
'/01,)2+* 43
256AT2Zﬃ&-B:ﬁ,$k;
9
2;:)ﬀ5	=~¬¼IÂº?  ¼
R?¼ﬃXÆ%ﬃ  ?­
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh 3
X­³¹¬gDkxiÜfmﬃ¯|ghÐsﬃh|{Òorh|tﬃkjyz{

sﬃI¹¬gv~¯|ygw­ ¸[mﬃh|wxg|s<k~s<¹|g.¹IyF{Xyqgh|wxymh|sﬃ5· sŁggDi
¹|sﬃwxgw­ e/ W2J#;;
2-;6	1282ﬃAI%  3;R|%¼X 3Æ%ﬃ¼3­
 3­Ù ¯ImqTs<wµ[gDkjwijhIgDks<h{

gDhs<ijmRuÆs%°xskjmzsX­ÚÙmﬃ¬mmt<-IkjgwxgDkjŁ3yh|tRs<h{vmh?ixkjmﬃzg%{
ijmﬃ¬mmt<Ñwxyq|yl8Xyh|t.qÍ|ijykjgwxmﬃzXijymhöywxmwxXkxlÂsﬃvDggDÞ3ixk~s<vDijymhY­Ðo}hÑÙ ¯|mqTs<w
 
kxijÂ
ßÎgDkjh{
B
s<qTsﬃhIhY¬s<h{H³¹|yi~sﬃ¹I¯

skjwx¯|h|g;?g%{Xyijm<kjwJ
	YP#%%&% ﬃ&
d;	
;8	  'J01,)2+* 43
255 C$EFEFE<B|sﬃtﬃgwHﬃﬃLR3ﬃﬃX­³o
    
o
    
fmqIIijgDkáXm?vygDir
uÆkjgwxw¬ﬃ»»ﬃ»X­
X­ßÎghﬃ°sﬃqyháµpkjgDtmﬃkjwxØ3yÂ
Ë
skjØ­

Iv;¯|sﬃyh|g%s<YIuÀgDijgDk
¶
yh{Iwixkjmﬃqá

s<gDkjym`uÆsﬃwxvD|vvyÂ
s<h{M]gh|hIgDij¯ﬂo~­8ﬃm?­orh?ijgDk~sﬃvDijyŁMg[ŁXygD·r{Xg¬gh{Xgh?i kjgh|{IgDkjyh|tÍmﬃlÆzs<kjtﬃgyzwxmﬃwxIkxlnsﬃvgw­
orh

mﬃ¹¬gDkxi
Ë
m?mﬃkj¯|gs{9
Ë
skjØXIwµpkjmﬃwxw9sﬃh{]ghIh|gDij¯Ho~­ m%?¬g%{Xyijmﬃkjw/`
	10
MﬀﬁM#%&%% ﬃ&
d;1;Z	 'J01,)2+* 43
255 C$EFELCMs<tgwº  
RMºM3­ o
    
o
    
fmﬃq|XijgDkpXm?vygDirﬂukjgwxw¬ﬃ»ﬃ»M3­
X­

m¹¬g;kxijmµpkjmwxwxmVsﬃh{µ
Ih?ij¯|gDk µpkjgyh|gDk%­
B
yzg;k~s<kjv~¯|yv%sﬃ¬qgDwx¯|gwlnm<k ŁMmﬃzIqg³{|s<i~s3­Ao}h
Ý­ 
 
­ÏmﬃijgDk s<h{`¸­
Ë
­3uÆsixkjyØs<Fs<Ø3yzwMg%{Iyijmﬃkjw
	;10<_ﬃ
9
# +GP28;G
9
;;- 2ﬁ@<3­
»X­

m¹¬g;kxijmTµpkjmwxwxmXYf¯IkjywijmI¯
¶

XkjyztXAsﬃh|{áÙ ¯|mﬃqTsﬃw
 
kxijÂ­BÙ ¯IgqÍIijygŁMgD9´|h|yijgggD
qgDh3iqg;ij¯|m3{l8mﬃks{IsﬃIijyŁMgBqgwx¯VmXijyzqy×%sijymhTsﬃh|{ÍŁ3ywxsﬃy×%sijyzmﬃhTmﬃl9ŁMmIqg{|si~sX­
orh

­ s<tgs<h{
B
­
B
sﬃtﬃghYAg%{XyijmﬃkjwJ`
	11A0 ?#%&%% ﬃ&d
;1;8	;Ya'J,	
2* 43
256Wh|sﬃtﬃgw¼MdRºM3­¬o
    
o
     
fmqIIijgDkp3m?vygDi}ﬂuÆkjgwxwX 3­
ﬃ­
¶
Iij×Y]gDixijhIgDkVsﬃh|{fMsﬃv~Ø3h|m?gDXyh|Ø¬­

yz{IgDm Æ Ikjmﬃijm<i}X¬gwXwijgq lnm<kÍŁ3ywxs<zy×yhIt
ijyqgDr{Xg¬gh{Xgh?iBŁMmIqg{|s<i~s3­Bo}hW# '/6<Y`
	11A0bﬀ)YhLﬀ ﬂﬃ! (>ﬁ@A-	
:$A,$- A.ﬃ&A-B:8,Q256AZ2+*
9
1A-;5@ﬃ9<»»3­
%3­
¶
gylP]m¹I¹¬gi%­
Ö
¼<wx|¹A{XyzŁ3ywxymh9­Ðorh7]Xkxi³ØMggD?1g%{Xyijm<k%`
	10<  >$#
9
	
9
  ﬂe C$E+EFE<5fmq|XijgDkRµpk~s<|¯|yvwRuÆkjm?vgg%{Xyh|tw5phIhX|sﬃfmﬃhIlng;kjgh|vgO3gDkjygw
|sﬃtﬃgw%»¼
Rﬃ3­9³f
Ë
|³f
Ë
uÆkjgwxw
S
³f
Ë
Xoxµµ

[u
B
I<»»ﬃ»X­
¼X­
¶
gyl/]m¹|¹¬gDi%­
Ë
IijykjgDwxmIijymhijgv~¯|h|yzÌ?|gDw­¬o}hTÝskjyhY
B
mwxv~¯|gØ¬3s<h{ ]yqáMg%{Xyijmﬃkjw
?281
LKT ﬃ&A-B:8,k;Xﬂ 6F1
9
-Y;5;5	ﬀX;14I­
 
wxgŁ3ygDkÍXvyghIvgu|¹|ywx¯|yhItI
³qwijgDk~{|s<qáXÙ ¯|g5¸pgDij¯|g;kjFs<h{Xw¬<»»M?­
DºI­PﬃgghsM]m<ŁﬃsﬁvDgŁ3yﬃﬂv`sﬃh{HÏöyq ?· gz{IgDh|w­ÍÏs%ŁMggDi5lnsﬃqyyzgDwm<lyh|vDkjgsﬃwxyh|tám<k~{IgDkyh
skj¹|yixk~s<kxH{Iyqgh|wxymﬃh|w­X#%&%% iﬁ2ﬁ;2F	=55ﬁAT#-Y2d<?
	;;110<ﬃÀX§¼M  ºMﬃ»LR?º3
ﬃX­
%3­Pﬃgghs ]mŁﬃsﬁvgŁ3yﬃﬂvsﬃh|{
Ë
s<kxijyh

gDixijgDkjyÂ­ ¸pmh|wxgDs<k~s<¹|gqÍIijyz{XyzqgDh|wxymh|sﬃA¬gDkxlngDvDi
kjgDvmhIwixkj|vDijymh´|ijg;k¹s<h|Ø3wÍs<h{·s%ŁMgDzg;i¹s<wxgwÍlnm<k
È 
­ #%%&% iﬁ2);2F	=56) 
#dd-Y255 iJﬀﬁ@ﬃ¼Iﬃ  ﬃ¼¼
RXﬃ3M?­
X­
¶
s<kjw
¶
yh|wxgDhYegDŁs<höÙ[­³µpk~s?

sﬃgDkjymOuÆsﬃwxvIvvyÂ
Ë
skjØÑ­

|v~¯s<yh|g%s<YßÎgDkjh{
B
sﬃqTs<h|hYYs<h{W]gDh|h|g;ij¯.o;­!m%?­
B
ygDk~skjv;¯IyzvsﬃzskjtgDwxv%s<zgŁMmﬃzIqgÍkjgXkjgwxgh?i~s<ijymh
·Byij¯

Ö
[wx|¹A{XyŁXywxymh`sﬃh{ÍixkjyŁﬃs<kjyzs<ijgB¹XrwxIyzhIg ·s%ŁMggDijw­eiZ1	ﬀ<ﬁ6	12+*! ek:$#"_,-;
ﬃN><%$	6C$EFELC	%
G&ﬀk:$25-;ﬁ^Bﬃ&- :8,k;`>Z	=Q;8	;GOJ)';;105@?Bﬃ&2+*  dA;)62GﬀP2
0j
<»»3­
  3­
¶
s<kjw
¶
yh|wxgh9

sﬃgDkjymÍuÆs<wxv|vDvyÂ
Ë
s<kjØ­

|v~¯s<yh|g%s<Y3ßg;kjh{
B
s<qTsﬃhIhY?s<h{Y]ghX
hIgDij¯áo~­ m%?­
B
ygDk~skjv;¯IyzvsﬃÀkjgXkjgwxgh?i~s<ijymhÜm<l1ijyqgDŁﬃs<kxXyh|t`Łm|qg{Is<i~s`·Byij¯

Ö 
wxI¹A{IyŁ3ywxyzmﬃh.s<h{ÜÌ?sﬃ{XkjyyzhIg%s<k5¹Iwx|yh|g·s%ŁMggDijw­orhfm3Ì3Iyzzskxi%À3¯3|qá¬s<h{
B
9
g{Iyijmﬃkjw`
	10  i ;)ﬀf 2+	= [\	 ﬃ&d
;1;8	UA ﬃ&- :8,k;
9
2;:)ﬀ6	= 28
ﬂ\:F:Z* 5	2A56ﬁ)(Ue2F	= [	
9
2:)ﬀ6	=MC$EFEAC­o
    
o
    
fmﬃq|Iijg;k3m?vygDi}-uÆkjgwxw
<»»3­
X­
¶
­
¶
yzI¬gDkxi%
Ë
­
B
­Aµpkjmﬃwxw9sﬃh{Üfp­8]IkjqTsﬃhIhY­³fmﬃqIkjgwxwxymﬃh{XmqTs<yzhHŁm|qg5kjghX
{XgDkjyh|tHlnm<k{Xyzwixkjy¹IIijg%{gh3Ł3ykjmhIqgh?ijw­Üo}h.`
	11A0 YﬀﬁY%,12;:)ﬀ<6	=* 
Łm|qgºI|s<tgw³MdR»  3­Yf
!Ë
u

Ù
  
µ

[u
B
ofﬂÝ|m<kj|qá¬  ?­
X­

mhs<z{
Ë
s<gt¯IgDk%­Iµ[gmqg;ixkjyzvqm3{Igyh|tB|wxyhIt[m?vDixkjggÎgh|vDm3{Iyh|tX­Nﬃ&-B:8,k;
9
2;:)ﬀ	
5	=?28 #- 2
<B`
	;110ﬃÀ <LR|ºO ?%3­
ﬃ
¶
skjw
¶
yh|wxghgDi³sﬃÂ­
<»X­PﬃmwxgI¯
Ë
­
Ë
sﬃI¹sﬃv~¯Y­
¶
m?v%sﬃX¹|ywxgv;ijyzmﬃhÍkjgD´|h|gqgh?i9lnm<kÎÛ¬wxyq|yvyzsﬃ3tﬃkjyz{XwÆtghIgDk~s<ijg%{
¹?kjg |gvDijymh9­e>$#ﬂ  !>8	=Q;ﬁ5 [	Mﬃ&- :8,50ﬃY%  ?%»
RX  3%ﬃM?­
?­Bkxij¯3Ik­
Ë
ykjyzh9

mh
B
­Yfmﬃ¯|gh9YßÎkj|vgfp­ÀfXkxijywYÏöyyzsﬃq uÀ­

sﬃhIh|gŁ3yØ¬9phX
{3kjyw
Ë
­

yqyijw
Ë
skjØ­

|v~¯sﬃyhIg%sﬃ9

­
 
­
 
yFs<wxmh9

sﬃhIyg

­Xv~¯|yØMmﬃkjgﬃ¬­
 
­
³h{XgDkjwxmh9

­
B
­IuÀmﬃkxijgDk%|sﬃh|{ﬂuÆs<|

­3Ïm?m3{3·sk~{9­

gDkxT¯|yt¯kjgwxmXijyzmﬃháwxyqÍIFs
ijymﬃhm<l vmﬃqIkjgwxwxy¹|gijIkj¹|Igh|vgmhÜij¯|gVy¹|q`wxHwXwijgqá­o}hXsﬃ
B
m%· gAg%{Xyijmﬃk%
`
	10<B>),L:);	1-B:ﬁ,$5  <­ﬃo
    
Mo
     
fmﬃq|Iijg;kÎXm?vygDirÍuÆkjgwxwI%ﬃX­
ﬃ3­
Ë
skjym
!
¯|¹¬gDkjtﬃgDksﬃh|{
Ë
skxijyzh

IqIlr­
B
ygDk~s<kjv~¯|yv%s<s<h{Rs{IsﬃIijyŁMgVŁ3yzwx|sﬃy×%s<ijymﬃh
mﬃhhIgwijg%{t<kjyF{Xw­Pﬃ&-B:8,50<ﬃ¬<  ¼
R?¼M?%X 3­
<¼X­

sﬃgDkjymuÆsﬃwxvIvvyÂ­ÚXm%· tﬃkjm%·Byh|twx|¹A{XyzŁ3ywxymhÒÂwxtw~VyhÚsﬃh?-{XyzqgDh|wxymhÀijm%·s<k~{Xw
kjgDqm<Ł3yh|tRij¯|gávDIkjwxgHmﬃl{Xyqgh|wxymh|sﬃyi}?­Óorhc`
	11A0TM%`,12:)ﬀ6	=C$E+EACM­
f
!Ë
u

Ù
  
µ

[u
B
ofﬂÝ|m<kj|qáI<»»M?­
ºI­

sﬃgDkjymuÆs<wxv|vDvys<h{f¯sﬃh|{Xk~s%°yi[ß s°s°;­ Ù yqgvDkjyijyv%s<sﬃ{|sﬃXijyŁMg5kjgD´hIgqgh?is<h{
wxqm?m<ij¯|yh|tX­Àorh

mtﬃgDkpfÎk~s·´wBs<h{

sﬃhIyzgDfmﬃ¯|ghX
!
k%3g%{Iyijmﬃkjw8`
	11A0PBﬀﬁ
ﬂﬃ! "$#%%&%(')+* ,- '/01,ﬁ2* 43
256 2Z
9
2;:)ﬀ5	= >)@- :$10,-(C$EFE+EAG?>Z2+*  HJ2LKF
ﬃN5@GPO/Q2Lﬀ3|sﬃtﬃgw³¼¼LRMº??­A³f
ËS
o
     
¬ﬃ»»ﬃ»X­
ﬃ3­

sﬃgDkjymuÆsﬃwxvIvvy³sﬃh|{

s<h{|s<eI­ÎÝIk~sﬃhIØA­µ[m¹s<Bwi~s<ijyváyh{XgDÞXyzhItHlnmﬃkkjgsﬃ§ijyzqg
g;ÞIImﬃk~s<ijymﬃhm<lŁgDkx`zs<kjtﬃgpkjgtﬃ|zs<k tﬃkjyz{Iw­Yo}hM`
	10? >),A:);	1-B:8,50<C$E+EFh<­
³f
Ë
|³f
Ë
uÆkjgwxw¬ﬃ»»3­
<X­

qyixkjyÑu1yh|wxØ3y?
 
kjygßÎkjIttg;k%
B
ghIkx

­Bf¯|yz{Iw³sﬃh|{ÓßgDkjh{
B
s<qTsﬃhIhY­ ph
m?v;ixkjggD¹s<wxg%{qÍ|ijykjgwxmﬃzXijymhﬂsﬃ|XkjmMs<v;¯Twx|I¬mﬃkxijyh|tyh?ijgDk~sﬃv;ijyzŁgpkjgh|{IgDkjyh|tm<lŁMg;kx
zskjtgŁMmﬃzIqg{|si~sVwxgDijw­1orh
B
­Bk~sﬃ¹|hIyzsX

­
 
kj¹s<v;¯IgDk%­
B
gfp­ﬁ]hIyt¯?i%Ißp­ﬁ]m<
ŁﬃsﬃgDkjv~¯3|Ø¬
Ë
­
¶
ggﬃ Í­
Ë
|hY
Ë
­1Iskxl8k~sﬃ×ﬃII­13v;¯?·Byh|tXsﬃh|{
B
­ÆÙsﬃ¹Ikjy×yÂg%{Xyijmﬃkjw
`
	10<Bﬀ)eC$EFE+h_#ﬁk;Z2A56Z2*Jﬃ&d
;1;8	;_Ab#-Y2
0<P>8	=Q;Z	;G/>ﬁ@Ak;-X1G
2AZUi 	ﬀZ+*g1@1ﬃ!#>ﬁ>!i.CEFEFh	
G'ﬁ* ,$-Ybh<Is<tgw%
RXﬃ3­9fmﬃq|Iijg;kpXvyghIvg

g;
wxgs<kjv~¯Y
 
{X|v%sijyzmﬃhY|sﬃh|{ápI|yv%s<ijymhIw³ukjgwxwf
  
5;I ij¯|ghIwµ[gDmﬃkjtyzs39ﬃ»ﬃ»X­
  3­
B
s<kxijqVIiuÆk~sﬃXij×wxv~¯Y1Ïml8tMsﬃhIt-ßm?g¯Iqás<h{
Ë
s<kjvm-uÆs<zIwx×h??­
3=Q;T2AZ 
 	
6:Z*  Yi 	ﬀﬁ =,ﬁ;j­ XIkjyhItgDkx

gDkjzsﬃtI
B
gDyF{Xg¹¬gDkjtI¬µ[gDkjqTsﬃh??I<»»M?­
<X­3¯|gDkjqTs<h

­

yzgDqgh|wxv~¯|hIgyz{IgDkpsﬃh|{¬|m%· gyÀX¯IghY­ÎÏs%ŁMggDijwpsﬃh|{IkjgD§· sŁggDijwpyh
m%·Ð{IyqghIwxyzmﬃh|w­,Z2+*Zﬂ`:F:ﬁ0- 256 iJﬀﬁ@ﬃT 3 zLR?¼XÆ3­
<X­

s%° 3¯|gØ3¯|s<k%
 
yzsﬃwÝs33sﬃ{9

mhIy!sﬃtﬃgÂ3sﬃh|{YI­XÝIkjg%{3kjyzv~ØÍfmﬃkjh|¯IyzÂ­
!
vDixkjggD¹|sﬃwxg%{
{XgvyqTs<ijymﬃhmﬃlAqTs<kjv~¯|yhItv|¹¬gw1wxIkxlnsﬃvgDw­Yorh

mh|y s<tgsﬃh{`µpkjgtm<kx
Ë
­?¸[ygwxmﬃhY
g{Iyijmﬃkjw<
	;10<_`#%&%%aﬃ&A

;;Z	_.'J01,)2+* 43
255 hMsﬃtﬃgwÎ¼¼MdR3¼<º?3­
o
    
|o
    
fmﬃq|Iijg;kpXm?vygDiráuÆkjgwxwﬃX­
¼ﬃ»X­
B
sﬃhXÏ.gy¬3¯|gh9­9o}wxmwxXkxlÂs<vg[gDÞ3ixk~s<vDijymhTl8kjmq ijyqgDŁskxIyhIt5´gz{IwÎ|wxyh|tsijgq¬mﬃk~s<
¯IygDk~s<kjv~¯|yv%s< yh{Ig;Þ.ixkjgg­Üorh

s%Ł3yz{
 
¹¬gDkxi%
B
sﬃhIw
B
sﬃtﬃghYÀsﬃh{
B
m

|wx¯|qgDyzg;k%
g{Iyijmﬃkjw<
	;10<_`#%&%%aﬃ&A

;;Z	_.'J01,)2+* 43
255 hMsﬃtﬃgwBﬃ
RX­
o
    
|o
    
fmﬃq|Iijg;kpXm?vygDiráuÆkjgwxwﬃX­
¼3­
B
sﬃhXÏ.gyYX¯IghY
¶
yh|t<kghRf¯|yzs<h|tI¬sﬃh{ ]5·sﬃhX
¶
y
Ë
sX­BÒlÂsﬃwipŁMmﬃzIqg5kjgh{XgDkjyh|t
s<tmﬃkjyij¯Iq lnm<kijyqgDŁﬃs<kxXyh|t.´|gz{Iw|wxyh|tOsijyqgDwxsﬃvDgR|s<kxijyijymhIyzhItÓnijwx¬`ixkjgg­
orh

sŁ3yz{
 
¹¬gDkxi%
Ë
s<kjØ3|wµpkjmﬃwxws<h{,ßÎgDkjh{
B
sﬃqTs<h|h9g%{Iyijmﬃkjw``
	11A0T
#%&%&%cﬃ&d
;1;8	eAf'J,)2+* g3L2A56hﬃ|sﬃtgDwÆ¼  ?;R3¼X ﬃ3­o
    
o
    
fmqIIijgDk
3m?vygDi}ﬂuÆkjgwxwﬃX­
¼3­
B
sﬃhXÏ.gyÆ3¯|ghÜs<h{Rf¯Ikjywijmﬃ|¯|g;k

­Zm¯Ih|wxmh9­

yAgDkjgDh3ijyzs<ÆŁMm|qgkjgh|{IgDkjyhIt A
lnsﬃwiÎsﬃtﬃmﬃkjyij¯|qâlnm<k |m%·Ñs<h|yqTs<ijymh9­|orh

­

sﬃh|ygIßgDkjtﬃgDkjmhTs<h{`Bkjyg
 
­]sﬃXlnqTsﬃh9
g{Iyijmﬃkjw<
	;10<_`#%&%%aﬃ&A

;;Z	_.'J01,)2+* 43
255 hIMsﬃtﬃgwB%»
R  3­
o
    
|o
    
fmﬃq|Iijg;kpXm?vygDiráuÆkjgwxw<ºI­
¼ﬃ¼X­
!
yŁMgDk µV­3?i~ssﬃ{Xi%­
Ë
|ijykjgwxmﬃzXijymhTwxIkxlnsﬃvgpsﬃh|{`ŁMm|qg kjgDIkjgwxgh?i~sijyzmﬃhY­Aorhµ[|yz{Im
ß1kj|h|hIgDixi%YßgDkjh|{
B
s<qTsﬃh|h9Ysﬃh{
B
gyhXkjyzv~¯
Ë

Izg;k%Æg%{Iyijm<kjw
9
-Y;5;6	Y W
<=* 0<
=_>Z	=6;ﬁ5 [	T'/01,ﬁ2* 43
256I­AXXkjyh|tg;kx

gDkjzsﬃtX
B
gyz{Ig¹¬gDkjtX¬µ[g;kjqTsﬃh??|ﬃ»»ﬃ¼X­
Ïs%ŁMggDix¹s<wxg%{
Ë
IijykjgDwxmIijymhH·Byij¯ ÔÖ ÍX|¹A{XyŁXywxymh ﬃ¼
¼<ºI­
!
yŁMgDkµV­3i~ssﬃ{Xi`sﬃh{
Ë
s<kjØ3Iw
B
­1µpkjmﬃwxw­ÚukjmﬃtﬃkjgwxwxyŁMgáijgDixk~s<¯|g%{3k~sﬃy×%s<ijymﬃh|w­Oo}h

sŁ3yz{
 
¹¬gDkxi%
B
sﬃh|w
B
sﬃtﬃghYIsﬃh|{
B
m

|wx¯IqgygDk%3g%{Xyijm<kjwZ`
	10< #%%&%
ﬃ&A

;;Z	.A '/01,ﬁ2* 43
256 hps<tgwR¼X 
RMºM»M?­o
     
fmﬃq|Iijg;kRXm?vygDir
uÆkjgwxwY%ﬃX­
¼3­
 
kjyv\X­ﬃ3ijmh|yij×<ÙYmh?

­

g

mwxgs<h{

s%Ł3yz{
B
­<XsﬃgwxyhY­  2=*4;5ﬁd ﬃ&-B:8,k;
9
2;:)ﬀ<6	=NiJﬀ)1A;@P2AZ ﬂ`:+:Z* 6	1256)j­XÙ ¯|g
Ë
m<kjtMs<hb]sﬃXlnqTs<h|hVXgDkjygwyzhÍfmqIIijgDk
µpk~s<|¯IyzvDwsﬃh|{,µ[gmﬃqgDixkjyv
Ë
m3{XgyzhItIßÎkjyzsﬃh,­1ß skjwxØ3ÓÂwxg;kjyzgDwg%{Iyijmﬃk;;
Ë
m<kjtMsﬃh
]s<Il8qTsﬃh|hﬂu|¹|ywx¯|g;kjwAIs<háÝIk~s<h|vywxvmX

­ ¬­ ­YﬃX­
¼ﬃX­u¯|yy|XXixijmhRsﬃh|{Rf¯s<kjgw

­
B
sﬃhIwxmh9­o}wxmﬃwxIkxlÂs<vg`gDÞ3ixk~s<vDijymhRyzhHijyqgDŁﬃs<kxXyh|t
´|gz{Iwp|wxyh|tﬂsTijgDq¬mﬃk~sﬃ¹Ik~sﬃhIv;¯XmhIhIgg%{ixkjggﬂnixr¹¬mﬃh¬;­[o}h

s%Ł3yF{
 
¹¬gDkxi%
Ë
s<kjØ3Iw
µpkjmﬃwxw¬s<h{áßg;kjh{
B
sﬃqTsﬃhIhYXg%{Xyijm<kjw `
	10b #%&%% ﬃ&d
;1;8	b 'J,	
2* 43
256Whﬃ|sﬃtﬃgwDºO dR<¼X­¬o
    
o
     
fmqIIijgDkp3m?vygDi}ﬂuÆkjgwxwﬃX­
¼X 3­5ÏÑyzqå?· gz{Xgh|w­1Ù ¯IgzylFijyzhItwxv;¯Igqg |ÐhIgD·Ò|¯|ymwxmﬃ|¯?yhá¹|ymﬃkxij¯Imtﬃmhs<Y· sŁggDi
vDmh|wixkjIvDijymhIw­o}hÜ­9Ý­
¶
s<yzhIg`s<h{
Ë
­

hIwxgDk%¬g%{Xyijm<kjw  2=*4;\ﬂ\:F:Z* 5	2A56ﬁ0
>)4Z2*Z2Z?#-Y2
<`
	;110###~M|sﬃtﬃgw ﬃLRY <X­IuÆkjm?vgg%{XyzhItw m<lIuo
 
<3¬%3­
¼ﬃX­orØ3|ØMmÙÀs<Øs<hsﬃwx¯IyÂ
 
kjyv
¶
Iqá ]5·s<hI
¶
y
Ë
sX!
mﬃkjt
Ë
gD?gDk%YßgDkjh|{
B
sﬃqTsﬃhIhYAs<h{
Bkxij¯3Ik I­
!
wxmh9­ Xgtﬃqgh?i~s<ijymhÓs<h{ö¼{ÑŁ3ywxs<yz×s<ijymhÐmﬃl¯|yt¯X§kjgwxmIijymﬃhÒ¯3X
qTs<hﬂ¹Xk~sﬃyhv;kx?mwxgv;ijyzmﬃh|w­orh

m¹¬gDkxi³Ý­
 
kj¹s<v;¯IgDk%Iu1¯IyzyÜfp­f¯|gh9
Ë
s<ixijyYµpk 
m¯IhY
ﬃmhsij¯s<hHfp­

mﬃ¹¬gDkxijwXsﬃh|{fÎk~s<yt
Ë
­3Ïöyixijgh3¹Ikjyh|Ø¬3g%{Xyijm<kjwﬁ
	;10<B>#%
'/01,)2+* 43
256A28 ﬀ2Q2ﬂ 82+* @A CEFEACM3|sﬃtgDwdR33­Iukjm?vDgg%{IyhItwmﬃlXu1o
 
ºM3
<»»3­
¼ﬃX­
Ë
gDFs<h|ygÎÙmﬃkx?%¸pyØXzs<w


m¹¬gDk%Ùmﬃkjwijgh
Ë

mﬃzgDk%<³h|h|sBfgh?ijgDk%sﬃh|{
Ë
­<3ijgDzzsB ijØ3yzhIw­
º{Ñwxs<vgD§ijyqgÜijgDv;¯Ih|yzÌ?|gw   qg%{Iyv%s<5yqTsﬃtyhItOvsﬃwxgRwij{X?­âorhöÙ ¯|mﬃqTsﬃw
 
kxijÂ
]gDhUm%?¬sﬃh|{Hpqyi~sﬃ¹I¯

s<kjwx¯|hIgD?Ig%{IyijmﬃkjwJ`
	10< _#%%&% ﬃ&
d;1;Z	 
'/01,)2+* 43
256AMCEFEFh<?|sﬃtﬃgwÎº  ﬃ¼
R?ºO <X­3o
    
o
    
fmq|XijgDkÎXm?vDyzg;i}Íukjgwxw3ﬃ»»3­
º»X­µ[gDgDkxi

Xixijg;kj¯|m?gŁMgDhY­   2=*4;5 >Z;2 28 ﬂ\:F:Z* 6	1255ﬁj­ u1¯

ij¯|gwxyw
]sij¯|mﬃzygØg

h|yŁMg;kjwxyijgDyi
¶
g|ŁghYIßgtﬃyzIqáYﬃX­
ºX­
¶
|y×

gDz¯Imsﬃh|{

ghIyzw ¬mﬃkjyhY­º<rTwxI¹A{IyŁ3ywxyzmﬃhY­ ﬃ&A-B:8,k;	5ﬂ 6F1
9
1A-;56	 ﬀX	
14IYIﬃ  ¼ﬃ  dR?º?  3ﬃ»ﬃ»Xﬃ­
ºM3­Pﬃm?g`Ïs<kxkjgDhsﬃh|{
B
gDhIkjyØHÏgyqgDk%­ >),!A'
016  ;ﬀ$
 d
9
1A-;56	ﬀ;g|­
Ë
m<kjtMs<h]sﬃIl8qTsﬃhIhu|¹Izywx¯IgDkjwAXsﬃháÝXk~sﬃh|vDyzwxvDmI

­ A­ ­ﬃ»»3­
º¼X­


|{IytgDkÏ.gwijgDkjqTs<h|hY
¶
gyl`]mﬃ¹|¹¬gi%9s<h{RÙ ¯|mqTs<w
 
kxij§­

g%sﬃ§ijyqgVgDÞXIzm<k~s<ijymh
m<lkjgtﬃ|zs<kŁMmﬃ|qg`{Is<i~s¹3Rsﬃ{|s<IijyŁMgVkjgDvmhIwixkj|vDijymh.mﬃl ywxmﬃwxIkxlÂs<vgw­ iJﬀﬁf'/01,ﬁ2*
ﬃ&A-B:8,k;~s<tgw»»LR|ﬃÆ%ﬃ3­
ºﬃºI­ ÎmhIt A¯Im93ß sﬃm3Ì?|sﬃhﬂf¯|gh93sﬃh|{³kjyg
 
­<]s<Il8qTsﬃhY­
Ë
IijykjgDwxmIijymhTijgDixk~s<¯|g%{3k~sﬃ
lFk~sﬃqgD·mﬃkjØlnmﬃkÎŁ3ywxsﬃy×yh|tkjgtﬃ|zs<kŁMmIqgB{|s<i~s3­¬o}h

mﬃh|y!sﬃtﬃgs<h{
B
sﬃh|w
B
sﬃtgDhY
g{Iyijmﬃkjw<
	;10<_`#%&%%aﬃ&A

;;Z	_.'J01,)2+* 43
255 hMsﬃtﬃgwB%¼MdRDº?3­
o
    
|o
    
fmﬃq|Iijg;kpXm?vygDiráuÆkjgwxwX 3­
